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PREFACE 


Tliis mnnograph contains a number of minor studies 
in tlic psychology of tone and music. They are rela- 
tively unrelated except as they represent certain of the 
attempts of the writer in the years 19.R), 19.^1, and 1932 
to work at the edges of the almost virgin field of 

musicology. 

The Kwalvvasser-Dykcma music test study was 
financed by a Stanford University grant, a portion of 
which came from the Laura Spelman Rockefclicr Me- 
morial Foundation. 

The tuning of the reed organ mentioned in Section 
VMI was accomplished with the aid of a mechanician 
in the lahorattiry of Professor Dayton C. Miller, of the 
Physics Department of Western Reserve University. 
The writer wishes to express his gratitude to Dr. 
Miller for his extreme kindness in this undertaking. 

Acknowledgment is due the Misses A, L. Car- 
mieJiael and Lillian Sclnick, wlio aided it) the collec- 
tion of tlic data reported in Chapter IX; Mr. W. CJ. 
Campbell, who should be mentioned as having gath- 
ered the Kwalwasser-Dykcma test data for the fifth 
and eighth grades; Mr. ami Mrs. Malcolm Campbell, 
who have carried out many of the statistical computa- 
tions necessary in the music, test sections; Dr. Quinn 
McNemar, who lias given statistical advice on several 
occasions; ami Dr. Roy Langford, who plamied the 
apparatus discii.ssed in the appendix. 

PAUh R. FAUN.S\V()U'riI 

.Stanioiui tlNivi ii.sn V 
Cami-oknia 
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A STUDY OF TMI-; ICXTEN'I' TO WHICH 
SIMILAIL TONAL EI-EMENTS ARE AC- 
CKl'l'ED liY 'THREK DIFFEIUCN'r AGE 
CiROUPS' 


H. T. Mcjore ( 26 ) has shown that increasing ac- 
quaintance with tonal combinations which were for- 
merly rated as bad or unpleasant tends to make them 
at least fairly acceptable. That is, there is an adjust- 
ment on tlie part <if the person so that what was once 
rated as bad may on further acquaintance be listed as 
good. Moore found this to be true in the laboratory, 
where the acquaintance period was quite short. 

Little is known experimentally concerning iliis prob- 
lem when actual life conditions arc involved, but it 
is supposed that the same rule holds as was found to be 
true in titc Ubnrautry, FV/r e.varrtpfe, w /tnrf dyads 
and chords in use today whicli ))armonists of the past 
would not have allowed. No tonal preference tests, 
however, were given in the past, so we liave nothing 
to compare witli our present lindings. In the future, 
of course, we can repent the tests of today, but so far 
this remains a problem for a subsequent time. 

If dangerous selective forces are adequately con- 
trolled there remains the possibility of testing people 
who differ in age and degree of musical sophistication. 
The Kwahvasscr phonograph tests of melodic and har- 


ill (i.iri at ilit; 1 7.1 1 mtclitiKs n/ tile Wtistcin l^yL'Iiiilni'i- 
cnl Assuciitiiiin, 
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monic scnaltivity (19) lend themselves to such a prob- 
lem, These phonograph records present melodic and 
harmonic phrases which are to be rated as good (liked) 
or bad (disliked), They are easy to administer, even 
in the fifth grade. The present vi^riter had been mak- 
ing a study of these tests (7), so had on hand data 
from fifth and eighth grades of San Jose, California, 
aad from psychology classes made up of sophomore 
Stanford students. There was some reason to believe 
that the grade schools were musically above average. 
Several surveys have shown the Stanford students to 
be slightly below average musically in comparison 
with other colleges, as there is no school of music at- 
tached. 

Thefiiimber of B (bad) ratings was tabulated for 
each teat for the three groups. 


TABLE 1 


-.,M . tf/ 

5ih' 

■ N , 


S(h 

Gin 

100 M N M 

Smnford 

O' N D/tf'p 

Cin 

100 

;i7.{ 2,j 

IH 

1.+ 

Mehidie seniit\v\l^ 
n 17.2 3,1 202 U.+ 

4.2 2S9 S.2 

loo 


tB+ 

2.0 

Htirmvnic SemUivity 

9S IS.O 3.9 202 H.7 

4.6 259 B.4 

loo 


, In the melodic sensitivity test there is, then, a critical 
ratio of 1,4 between scores from fifth and eighth grades 
0^ 8.2 between those from the eighth 
grade i apd the Stanford class. The corresponding 
valuesfop the harmonic sensitivity test are 2.0 and 8.4. 
As.'cinvbe seen by the chances in lOQ, there is a highly 
significaht difference between the scores from the 
eighth grade and the Stanford class and a difference 
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of less significance between the fifth and eighth grades. 
As each test is 35 items long, the results for the har- 
mony test indicate that more '‘goods” were listed than 
"bads” by all tlircc groups. The same Jiolds for mel- 
ody except ill the ease of the fifth-grade ratings where 
the "bads" slightly outnumber the "goods." 

TJic writer feels certain that these findings cannot 
be e.Yplained on ilic basis of musical selection. He 
also feels that the test reception was similar in the 
three groups. It is true that the younger subjects 
rendered a more nearly equal number of "good” and 
"bad" ballots than did the adults. However, the lat- 
ter arc more test wise, s<i, if there w.is an intentional 
attempt to even up the number of "bads" and "goods," 
one might expect the adults to do this. 

We seem left with the conclusiim that these data tend 
to bear out the theory that by increasing his acquaint- 
ance with music a person becomes nuire loJcrant, and 
BO is more prone to classify the elements as "good" or 
"acceptable," 
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MUSICAL TALENT AND THE LEFT HAND^ 

In 1923, Mrs. M. L. Sikes (3B), a piano and organ 
teacher who had had 22 years of teaching experience, 
reported that she was able to foretell subsequent success 
in music by the simple device of observing which hand 
was favored in musical performance. According to her 
notions, if the left is more favored than the right the 
beginner will be more likely to succeed than when the 
reverse is true. For example, when her own smiill 
talented son was told to play with one liand lie used 
the left. The two Sikes daughters, who are piano 
teachers, also hold to these ideas. According to Mrs. 
Sikes, this fondness for the use of the left hand has 
no cdhnectiort with left-handedneas. 

connection with a different problem, 
the present writer had occasion to send questionnaires 
td- SDO of the leading music schools of the country. Re- 
turns were received from approximately SO per cent 
of them. One question asked was the following: 

Some years ago a piano niiJ organ teacher wrote an 
article in which she snid that she could predict wlm were 
to be the most successful of her students by observing 
which hand they most used as beginners. Have you (or 
, has any member of your staff) found any tendency for 
, ihc more promising students to favor one hand? If so, 
which hand? 

vast naajority of answerers claimed that there 
had been no such tendencies observed. On two returns 

^Keported in part in School Music, 1932 (9). 

[ 10 ] 
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were facetious remarks to the effect that it was to he 
hoped the lady in question had fully recovered by this 
time. Oil several papers, however, there was this 
helpful offering: The majority of beginning students 
of music are undoubtedly rigbi-lmnded. This means 
that their right hands will more easily acquire the 
skilled behaviors necessary for successful performance. 
Most teachers and teaching systems do not suflicicntly 
stress the extra drills needed by the left hands. 
Trouble is apt to develop later because of this defect, 
A student, however, who is more nearly ambidextrous 
does not need this c.xtra stress. Me is, therefore, at a 
considerable advantage over the average right-handed 
individual. Mrs. tSikes may have been observing 
these ambidextrous people, Since they were not de- 
finitely Icfi-liatuled, she may have quite reasonably 
concluded that the matter was not connected witfi 
handedness. 

Nff itfti'wcr frrrftr t/te ififestfofrffitfre e.vplrftns (lie case 
of the small Hikes son. Here, however, the present 
writer will hazard a guess or two, (I) May it not be 
that Hikes, like many individuals, was perhaps unduly 
impressed by the lower piano notes, the ones with the 
greatest volume? TJiesc are struck by the fingers of 
the left hand. (2) In observing ambidextrous per- 
sons (will) would employ their left hands more fre- 
quently than would right-handed persons) may not 
Mrs. Hikes have been so impressed by this greater fre- 
quency of left-hand performance that she neglected 
the perhaps equal nuinher of right-haml activities? 
In our observations we notoriously neglect the negative 
instances. 
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A short time ngo, Quinan (34, 35), a psychiatrist, 
reported that sinistrals (people who cither throw balls 
with the lelt hands or have dominant left eyes)® are 
more often musicians than arc dCxtrals (people who 
either throw balls with the right hands or have clomi" 
nant right eyes) . Quinan'a thesis is that acsibclcs arc 
the more sinistral and sinistrals are the more psychotic. 
Thirty^-two per cent of a group of 100 professional 
musicians were found to be sinistrals. When this per- 
eentage figure is compared with 26.1 for college un- 
dergraduates, one may very well question the signi- 
ficance: of the difference, 

'f'urther data offered by Quinan are somewhat more 
cdiiyincing, as the differences between the percentages 
, ate statistically reliable, Of 590 college dcxirals 23.8 
pdi? cent could "play on a piano or other instrument.** 
Fbr 225 ’skistrals the comparable figure was 41 .3. Of 
the deictral "tnusiciansi** 17,3 per cent preferred the 
violin while among the sinistrals the preference for 
" thisr-instrument was 26,7. This difference is interest- 
, iiig as it is difficult to find an instrument in which more 
lift-hand skill is necessary. 

,9'3?Vhether or not these speculations and apparent 
findings are accepted there remains the first point. 
Maily teachers do not stress sufficiently the training of 
. the left hand. An ambidextrous individual is, there- 
^ certain advantage as he proceeds towards his 
tidhhicai goals in music. 

, i v^Mca^red bjr asking the subject to sight a iiiatol at the tester. 



in 

A POSSIBLE SOCIAL FACTOR IN 
AESl'HETIC RATINGS 


III dcinonsirntiinj to classes the various rating 
methods of recording preferences, the present writer 
has frequently presented material from phonograph 
records and Duo-Art rolls. He usually attempts to 
select an assortment of short pieces whicli will give a 
considerable range of preference. As a general rule, 
the class curves which are obtained are decidedly uni- 
modal. However, when jazz compositions are con- 
sidered in company with so-callcd "good” music, the 
former most generally give either bimotlal distribu- 
tions or flat curves wliicli have no decided inodes. The 
ratings for the jazz pieces are also prone to have the 
larger standard deviations. (At least these statements 
Jiave proved true with Stanford students.) 

A partial explanation for the differences seems to 
emerge when the subjects are carefully watched. The 
students appear to take the rating job quite seriously 
and, in the main, to have little difliciilty in deciding 
where to mark the rating lines. On hearing the jazz, 
however, smiles frequently occur, These arc often 
followed by aiidihlc laughter. The writer has ob- 
served that when one of these jazz pieces has just been 
played a number of subjects check, or have hands 
in readiness to check the "very pleasant" portion of 
the lines, and then, at the outburst of laughter, erase 
the check marks and marie the lines nearer the "very 

[ 13 ] 
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unpleasant" ends. This hesitant behavior seems much 
less frequent when other types of compositions arc 
being considered. 

This observation is, of course, subjective in the 
extreme. However, its scientific value might be cun* 
sidered as somewhat strengthened by two facts : { 1 ) two 
of the writer's students who were acting as observers 
independently noted the phenomenon; and (2) tlic 
finding that there were more obvious erasures on the 
response lines on which jazz pieces had been rated 
(sufficient difference to be interesting, but not statisti- 
cally reliable, D/a^, 2.0), 

This matter might be of considerable importance in 
a study! such as that of Trabuc and Moler (4.3), in 
which a scale of "proper" responses to music was de- 
vised. ’The battery of pieces to be judged Included 
botht?' -approved" and jazz compositions, 

Of course, it must be admitted that one cannot be 
absolutely certain that the laughter and erasures, or 
the laughter and the indecision, arc causally related, 
it would seem that if such a social factor should be 
pperative it would be next to Impossible to obtain a 
Valid statement of the relative preferences toward jazz 
arid so'Called "good" music. 



IV 


A NOTE ON NOISE, DLSSONANCE, AND 
PLEASOllE 

The acceptance of modern definitions of pleasure, 
agrecablcjiess, pleasantness, and rlie like should alter 
most radically the attitudes of the harmonists and 
psychologists towards noise and dissonance/ Histori- 
cally, these phenomena of music have been considered 
per St unpleasant. Even C, S. Myers (28), notwith- 
standing his experiences in the field of musical cthnol- 
OBY) is KiJilfy of the following statements taken from 
his generally excellent book, A Text-Book of Brxperi- 
inenlal Psychology: (1) "Certainly in their purest 
form, noise and tone arc fundamentally difTcrent ex- 
periences. The one is rough, irregular, 

and diflicult to analyse, the other is plcnsoulj'^ smooth, 
regular and relatively simple" (p. 26). (2) "There 
Is hence a very strong tendency for octaves, and a di- 
minishing tendency for fiftlis, fourths, thirds, and 
sixths, to produce an apparently single tone sensation. 
This blending or fusion of simultaneous tones corre- 
sponds in degree precisely with the recognized order 
of 'consonance' or agreenblenessP of the intervals in 
music. The octave is the most perfect consonance, of 
course excepting unison. Then follows the fifth, next 
tlie fourth, and lastly the major and minor thirds and 
sixths" (p. 46). 

''See fuDinote 6. 

"'I'lic present writer is respnitsihle Inr tlie itidiLS. 

[ 1.^1 
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It is, of course, true that there arc noises which are 
not desired in the majority of musical compositions. 
The same, however, is true of certain tones. There 
are other noises wanted for special effects. Each type 
of instrument has its own specific noises wliicli help 
to make its timbre. To eliminate them is to alter or 
perhaps even to lose the peculiar pleasure one gets 
from listening to the instrument. Myers mentions the 
noise effect to be obtained "by pressing two long hoards 
bn the keys of the pianoforte, so as to strike a scries of 
neighbouring black and white notes simultaneously" 
(p, 25). A similar procedure is now undertaken in 
ultra-modern music, It has been popularized by tlie 
composer Henry Cowell under the name "tone clus- 
ter.’- The board of Myers’ experiment is replaced by 
the flat of the hand and the arm. Melodies and liar- 
monies ate produced out of these diatonic and chro* 
rtiatic Glustefs. To the uninitiated the affect may be 
one of unpleasantness. To one who hfts heard much 
of it, the affect is frequently one of extreme pleasure,® 
i. e;, he wishes to bear more of it, says he is "thrilled" 
by it, "stimulated," etc. In fact, many listeners claim 
to have enjoyed such music the very first time they had 
the opportunity to hear it. The present writer has 
watched a number who gave overt evidence of so doing, 
^ow, of course, the musically sophisticated may claim 
that: tone clusters have no place in real music. But 
how can the pleasure be explained away? 


The psychological system of 'Woodworth (4fl) is probiitily typi- 
ca <j{ pr<sent-aay theory. For him, '‘Flcaaaritncss is the B«iicriil set 
□r eepmg the Bituntion as it is, unpleasantness is tht ccncrnl set 
lor getting rid oi the situation'’ (p. 285). 
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The point has been made that for Myers consonance 
is the equivalent of a(»reeablenuss. This view is most 
certainly an erroneous one although the fusion series 
did possibly agree with the order of pleasure in ancient 
times. Hut even in the Middle Ages the filth was ap- 
parently the most preferred. Now, as many experi- 
ments demonstrate, the thirds have won, temporarily at 
least, in the preference race, 

In consideration of these points, let us modernize 
our conceptions of the musical utility of noise and 
dissonance and of their relations to pleasure. They not 
only furnish contrasts to consonant music, but on occa- 
sion, even without the aid of the latter, they induce 
considerable pleasure. 



V 

CONCERNING CROSS RHYTHMS'* 

There are certain music compositions in which two 
different times are employed simultaneously. One 
hand, for example, may be forced to play 6 quarter 
notes while the other is playing 7.“ »Such occur- 
rences are occasionally met with in accepted occidental 
music and are quite frequent in ultra'inoilcrn music. 
Henry Cowell's compositions may be taken to illus- 
trate the latter. As examples of the former, Mac- 
Dowell’s Soiiala and Chopin’s Naclurne in Db 
may be mentioned , 

In the autumn of 1930 the present writer sent out a 
questionnaire to 300 of the leading music schools of the 
country. Returns were received from approximately 
50 per cent of them. One portion of the questionnaire 
was phrased as follows; 


’Reportad in part at the 1931 mtelinRS of the An'trican I’sy' 
chological Association anti in School Music (lOn). 

‘The term 'Icross rhythm" may imt be the bcsl term pus^ihlc to 
express what the writer wishes to discuss, However, a pcnisal of 
musical dictionaries and discussions with musicians showed that there 
Was only moderate uniformity of usage when items cuncGrniiit; time 
are mvoWed. An analysis of the questionnaire returns indicated 
qmte clearly that only two answerers were dlscussinK what is men- 
Uoned in Icfotnoke 3. 


c«"‘l'dons in which the him 
are played simultaneously, but with dincrciu accents; 

xxXxkXxjcX 
, V • ^ i* >’ J' T y y Ji y y J, n y 

Tr.!!.! d r ^ "" iiiiacccntcil one; Y a second 

accented tone and y the same unaccented, 


flB] 
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Krir the pa!5»i (cw nuinlh^ rcri^carch work has hc*.cn ear- 
ned on 3 r JJiarthnnl im rlin jirohlrrtis ol the simNUffncoui 
rcrfi/rVmri n( two ihYiVrrnC dVnrf*. AVrice ihv. quescum has 
ariM'ii nf the prrvulrnce n'liir* ahiliffe, you will (great- 
ly uhli^e me il you anwrr lhr?<e. queMiorh: 

L Ijn ymi t^ive s(m‘r,il atteniuju to ilie traininj.;: nf 
lime nhiliiir?i Ui the rxiriii nf leaeliini^ the siudeiii in 
ui pUy in 2/4 timr. wiih niic* hand and J/4 with llic 
tiilicr? If Hi. wlitii spifcifie ahilitirs arc lan^lu ht!i»idcs 
llic ones inmiioncd? Underline your anhsverji: 

J/4 HKainsi +/4; 2/4 .i}j:ain>r 5/4; 2/4 a^^alnsi 5/4; 

2/4 af^ainst 7/4; 2/4 atiainM; 7/4; 5/4 sigaintit 7/4. 

Add ullicr cainplrxilirs if laimhu 

2. What pcrccniauc uf musicinns (ic.ichens and per- 
fnrincrH) do you rnuj'hly cMimatc can beat nut 2/4 
time with one lianil iind 3/4 with the either? 

3/4 auainsi 4/4? 2/4 iitiainsi 5/4? 3/4 against 5/4? 

2/4 sitiairiBt 7/4? 3/4 7/4? 5/4 njKftimt 7/4? 

TJic majority of the returns were in the form of let- 
ters. This rather successfully ruiueti any possibility 
of mathctnatical treatment of the answers so iifi dcliniie 
information was obtninetl /nmi Question 2 . At least 
a few ctMicfusions, largely of a t|ualitativc nature^ can 
be drawn from the answers to die first question; 

1. The majority of the conservatories and schools 
of music from \vliich returns were received offer no 
special training in the mastery of cross rhythms. It 
is assumed that the student will be aide to develop the 
necessary techniiities as they are needed. 

2, A ciinsiderabli: numher of itisiitiitioiis do tram 
tlicir students in llie nrastcry of the simple cross rhy- 
thms, 2 against .1 against 4, 2 against etc. Several 
somewhat dilTereiU methods are employed : 

fl. 'I'liere is the kiiuiesiheiie method in which the 
hands or fingers (or s(Mnctimcs other members) arc sep- 
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arately trained in tvvo or more rliythms. The scv^crnl 
members are then forced to beat out the limes together. 
Jaques-Dalcroze and bis system of eurhythmies (17) 
have made this method quite famous. In aiiollier ar- 
ticle, W. F. Poynter and the writer (12) have de- 
scribed their Study of the abilities of Arthur Hard- 
castle, a performer and composer of ultra-modern 
music. Hardcastle employed the kinacsthctic method 
with considerable accuracy and to some c.\tcnt made 
use of the counting method which is discussed in the 
next paragraph. 

h. In the counting method,'® the subject couttta to 
himself the least common multiple (or Iraciicm ol this) 
of the cross rhythms to be played. The e,\-amplc is 
given below of 2 against 3. One hand is played on the 
firse, third, and fifth counts and the other on the first 
and-foujrth. 

bns hitnil Other hattil 

S i I 

2 

: • 3 

4 S 

» S 

6 

I 1 I 

Wjheiijthe multiple becomes large it can be split into 
payts. The example is given of 3 against S. One hand 
on the first and fourth counts of the first group 
fifth counts of the second group, 
ll % third group. The other hand 

is plaifed 6n the first count of each group of S. 

' P9P«l«r Kcount of die counting mctlioil can he fiiurul 
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3 

I 4 

S 

I i 

I 2 

3 

4 

S 5 

1 t 

2 

i 3 

4 

5 

t 1 I 

When the playing of the ultra-modern cotnposerj 
Henry Cowell, was analyzed it was found that lie was 
employing this method. 

£•'. There arc various mixtures and modifications of 
these methods, For example, one teacher sets the met- 
ronome to beating one rhythm which lie imitates by the 
JfifjficsthcM'c method tvhiie he coiiius out n tlitfercnt 
rhythm with the other hand. Another teacher attempts 
to coordinate two rhythms visually by means of posi- 
tions on a line. 

The present writer has developed a method which 
probably cannot be classified into any of the above 
three groups. Blank player-piano rolls arc punched 
so that one temporal rate is presented by playing a suc- 
cession of similar notes, say middle c’s, and a second 
rate by a succession of strikes on some other tone, say the 
<j above. 'I’he subject listens to these, and attempts to 
accompany them on some other aiea of the keyboard. 
He gets an auditory Gestalt, as it were, nf the mnes. 
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By watching the slimuius keys as they arc auttimatical- 
ly depressed) he adds visual cues. As a varlaiion in 
procedure he may even rest his fingers tin ihc stimulus 
keys (having first regulated the lever which keeps the 
keys from depressing) and perceive the thumps." 

Henry Cowell, the composer, has recently dcvcltipcil 
the "rhythmicon" (with the aid of Theremin, the fa- 
mous New York City electrical engineer). He based 
it on the writer’s Gcstialt idea, allhough hia purpose 
was somewhat different. By holding down keys, 
pitches Me aula malic ally repented at ccrlain fixed rates 
of speed. For example, if the tone e is sounded twice 
in a unit of time, g will be sounded three limes in the 
same unit. In this manner cross rhythms up to the 
complexity of 15 to 16 can be offered. The iiisirunieiit 
can present any of these rhythms, or all at once if de- 
sired. The underlying principle is that of the phoKi' 
electric cell. Both the pitches and the abstduie lime.s 
ca,a be regulated. Cowell has developed this instru- 
ment both for demonstraiional purposes and as an ac- 
companiment for certain of hia piano and orchestral 
compositions, 

Although no good quantitative study has or perliap,s 
can be made of the relative efficiency of the methods 
of teaching cross rhythms, certain advantages and dis- 
advantages might be suggested : (1) Since, in the 

mapsthetic method, the subject has usually trained his 
h^nd^ amonly two speeds, he may have difficuliv in 
alteriiig the relative speeds of his cross rhythms. This 


P'-’iy^r'Piano rendition 
With the loss of only the visuiil 


lists been rccnrcled |»hiinnurap|iK:iill.v 
niul tnctual cucj;. 
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is not true when the counting niclhod is empJrjyecl. (2) 
The former would appenr the belter of the two when 
more than two cross rhythms are to be played at the 
same time. (.■?) An objection which a rnusieiun 
friend lias raised to the Gestalt method rests in tlie pos- 
sibility that the subject may perceive the cross rhythms 
as one complicated pattern. However, it is dillieult to 
see how the other methmls avoid this difliculiy if it 
exists. (4) l-'roin his own experience and that of 
several students, the writer feels that the Gestalt 
method will be found to he the most enicient in terms 
of time to learn. (5) I'raining in bealiny out notes 
may not carry over to the rendition of compiieafed 
music. Tlie writer has no answer to this objection at 
present. 



VI 


DYAD PREFERENCES IN TERMS OF 
SIGMA UNITS 

: CHROMATIC Dyads (SlMUl/rANEOUS) 

In I9i8 Guilford (15) proposed a incihod whereby 
preferences could be expressed in terms of sigini uni ts. 
Several years later, T, L. Cliichizola and the present 
writer (11) employed the procedure to ascertain pref- 
erences for small areas of color; more recently still, 
the present writer (10) has studied rectangle prefer- 
ences by Its aid. In this study, similar work has been 
dbide with tonal dyads. 

pighty-four Stanford students from classes in ele- 
merit ary psychology served as subjects. The stimuli 
Were given by a Duo-Art reproducing piano set at loud 
intensity. Each stimulus had as its bass the b bclotv 
niiiddle Ci The piano was tutted in equal tempera- 
ment, Each dyad was sounded for about 2 seconds 
with a 2-second interval bettvecn. There was a 5* 
second interval between successive pairs. The direc- 
tions were as follows; 

You are to heat 132 pairs of iVyaJs (2 notes ptnyed 
. together like a chord). Alter the renilition ol a pair 
yoy iirc to decide which member is the more jileasiint, 

V If it is the first, record "I" in the space provided lor it; 

■ if it is the seconil, record "2," II you don’t know which 
you. prefer, guess. 

A rest of 10 minutes was allowed after the first 66 pairs 
had: been presented. 

[ 24 ) 
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Following the Guilford system, the stimuli were 
presented in a random order by the paired-comparl- 
soiis method (as can be seen by the above paragraph). 
The 12 dyads were paired two ways so that each mem^ 
her would have an opportunity to be presented first. 

The resultant rank order correlated almost perfect- 
ly (rho, ,97) with the order given by Foster and Tinker 
(13). The former preference order correlated .66 
with Stunipf's fusion series (39). Iii the color experi- 
ment mentioned above (II) the preferences ranged 
from T-80 to — .52 in terms of sigma units. In this 
study tlic values ranged from |-.6d to — .95. 

'IVVHbK 2 

ClIROMA-riC Dvads 


Uyad n^lriir 

Vuliic^ 

Jril 

-Kf.l 

Minor JrrJ 


Minor 6ih 

Jfi 

Foiirili 




Mnjor fall 


Triinne 

H-.20 

Mfl)j 

^%2« 

Mfijnr 2rMl 


Minor ?ili 

— J9 

Mujor 7r)i 


Minor 2ntl 

--.95 


"Tilts r.Tiik iirilcr tliie.s nrit iifcnnirily inEan ihiit cjicli ilyad is pre- 
ferred 10 the one imitietliniely below it in the rank, Analyses of 
tile tinta indicate tliaC a preference over the ncialibor immediately 
bclu^v in rank is gviterntly, but not always, found to he the ease. 


We can only speculate on the preference ranks of the 
past. There may have been a time, as many theoreti- 
cians believe, when the octave, fourth, and fifth were 
the most preferred dyads. However, we can be mure 
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certain of future rankinga. In the writer's opinion 
some such experiment should be repeated from time 
to time to record possible preference changes, 'rests 
of the preferences of musicians and other non-student 
groups should be made as well. 

B. Chromatic Dvaus (SucciLsstvii) 

The writer constructed a second roll which presented 
broken dyads, e.g., b and then c ti/. h and then d. The 
melody sequence was invariably up. For example, the 
major third was always played as b and the next higher 
d*— never the reverse. Each tone vvas sounded for I 
second. There was a I j^-sccond period between tone 
members of a pair, and 2 seconds behveen the pairs 
to be compared. Five seconds elapsed between items. 
The dyads Were presented in the order employed in 
Section M 

The rank-order correlation between the preferences 
for the broken and those for the simultaneously played 
was only .40. However, the preferences for these 
broken dyads correlated with the fusion scries of 
■ Stumpf (39) with a value of ,84, This apparently 
means that with such broken dyads fusion and pref- 
erence have much more in common than they linvc 
where simultaneously rendered dyads arc concerned 
(rlio equaled ,66 in the latter case) , 

C. Quarteu-Tone Dyads 

Although certain of the oriental peoples have Jong 
employed divisions of the octave considerably smaller 
than the semitone, occidental musicians have been slow 
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in accepting these small intervals. For some time, 
however, a number of the European conservatories 
(Prague, Budapest) have paid considerable attention 
to quarter-tones. The situation in America has been 
quite different. According to Grace Ovenuyer (30), 
“There are no records of fractional tone experiments 
in the United States earlier than 1924." This state- 
ment is decidedly in error, as in 1902 Max Meyer con- 
structed a quarter-tone liarmonium (the very instru- 
ment employed in the present study). The constriic- 
tion of the organ was followed shortly by two articles 
concerning quaricr-ionc music (2.3, 2.^) and a number 
of addresses before music groups. Tliat quarter-tone 
music should be perfectly feasible'’ has been shown by 
Pratt (.12, 11), who has written : “It is necessary to cal- 
culate . . . on the basis of the theory of probability, 
that smallest value of interval which will be perceived 
ns different 100 per cent of the time. 'Phis value comes 
out just above 50 cents ... It would, therefore, be 
theoretically feasible to double our present chromatic 
scale so that it would comprise twenty-four quarter- 
tones instead of twelve semitones."'^ In America no 
great enthusiasm for fjuarter-tones has followed Mey- 
er's pioneering work. 

At the suggestion of Meyer, the prcsctit writer was 
loaned the above-mentioned haimnniiim by the Uni- 
versity of Missouri, The organ has two manuals 
formed by splitting each key in two. The upper man- 


'‘‘‘Diali (i) tt»inil iltnt it w.i.s ijiiiic po^»ililc 

In cnjiiy ilicsc siuiill iiurrvals. 

'"See nl«) I'raU's new hnnk (.13). 
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ual is tuned a quarter-tone above the lower. A inocc 
detailed description of the manual and its picture may 
be found in The Miuicim’s Arilhmetir (24). The 
instrument is now tuned In even iciinjcrarncnt with 
middle e at 256 d.v. 

Twenty-eight subjects from a class in cx|icrimcnial 
psychology served as subjects for a preference lest. The 
methodmf paired comparisons svas used, necessiiatinj^ 
the tremendous number of SS2 Stimulus pairs |n (n-l ) 
where n equals the 24 quarter- tones], Allliuugh the 
subjects appeared to be a very cooperative group, the 
stimuli were divided and given on four separate days 
to avoid undue fatigue and ennui. The pitch range 
was identical with that of Section A. The Guilford 
method of obtaining the preferences in terms of sigma 

'.ri- ivi, , - TABLE a 


QuARTHR'TonH PaBPERHKCES 


Ttangc In Qi T, Nam« 


Valui; iti uniiA 


1 

--,1 ■ 

'',5 

'7 
■ I 
'■ 9 

. 10 
n 
n 

13 

14 ' 

. 15 

: . u 

17 , 

‘ l8 ' 

; 2q, 

ai 

22 

23 
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Minor lectind 
Major iccond 
Minor I'hird 
Major ihlril 

Fduc(,Il 

Tritonc 

Filth 

Minor slxlh 
Major lixih 
Minor BcvcnlU 
Major aevemk 
Outave 


*-.4J 

—.17 

‘'hAi 
+ .12 
HI .61 
-hM 

— .Ul 
+ . 15 ) 
—.IS 
+.15 
—.IS 
+.13 
—.03 
+ .511 
—.20 

— .35> 
—.52 
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units was employed. It is interesting to note that the 
two lowest preference points occur on the chromatic 
scale. If the preference values are plotted and the rc- 
sult.int curve is smoothed, it will be seen considerably 
to resemble the curve for the cliromaiic-dyatl prefer- 
ences. 

A rank correlation was run between the preference 
standing in vSeciion A and the corresponding status of 
the chromatic dyads of this experiment. The value 
was found to be ,05, a high value considering the pres- 
ence of the quarter-tones, the different subjects, and the 
dilTercnt timbre of the stimuli. 

In 1928 Guthrie and Morrill" (16) studied, among 
other matters, the degree of pleasantness of certain in- 
tervals. The pitches cxicndctl from 395 v. s. to 615 
V. 8. at intervals of 5 v, s. They were rendered by 
Stern variators. The degree of pJeasantness was 
judged by the percentage of 372 subjects that reported 
fJie dyad in quesfion plcMsant. Now certain of these 
intervals approximate rather inaccurately the quarter- 
tone dyads. Their relative standing has been corre- 
lated against the standing of the quarter-tones in the 
present study. The resultant rho was .75. This is 
surprisingly high in consideration of the differences in 
methodology and dyad intonations. 

In 1927, Unies (3)'® studied the fusion values of 

the Gutluic-Morrill sludy one finds tlic nuintci-lonn.s classi- 
ficfl ffs intfrrrfilfi. In cunsifidifimMi of uricntnl and 

cf^rtain coiiUimporai'y Kuropcan music, this description sliould be 
ftbandoiicd. At Iriist iliis i.s tlic opiniuu of tho present writer. 

crilicisin of the use of tlir lenn “iion-iinisiciir' ns in 
Guthrie- Morrill experiment. 
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quarter tones presented by Stern variators to a few well- 
trained observers. Fusion, was defined as unitarincss. 
Bruea's fusion ranks from the 2+ quartcr-lonca and the 
preference ranks of the present study correlaieil nt .49. 
The si^e of this value indicaies at least slij^ht cor- 
reapotidence. 

For many years Max Meyer has been a chainpion of 
the idea that habituation ia not a very Iniporinnt factor 
in the formation of preferences (24), In this battle 
he has been decidedly on the miaority aid c.‘^ Now the 
present writer has no desire to enter this discussion 
with his data on quarter-tones, which appear v« him 
as favoring neither of the camps. Of course, the fact 
that a fepr of the quarter-tones were far better received 
than virere certain of the standard intervals might be 
taken to indicate that habituation was relatively unim- 
portatit. ;; On the other hand, a number of the subjects 
Glaimed that the quartcr-tonea frequently called to 
mind closely related chromatic or diaUmic imervaU. 
Thisj it Was believed, might have tended to a/Tect the 
preference values, "Were one testing an imaginary 
sUbjeGt who had never heard chromatic or diatonic in- 
teryais, the quarter-tone preferences might have been 
smaller than Was the case in thU experiment. 

Be all this theorizing as it may, the fact remains tliat 
the quarter-tones did receive relatively high preference 
Yjilyes. In fact, certain of the non-muaical subjects" 
expressed surprise that “such nice sounds” had so far 
contributed so little to occidental music. 

a riiccntly pubUslied attack on Meyer's views see refercpiee 

^^AlthoUgh non-musicjil** in the sense dmt they knew jittle coii- 
cernin| musical theory, these Puhjccts cOuUl distinguish the quftrter- 
tones frgm their respective tr^ditionHUy approved ncighhors. 
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THE PI.AYER-PIANO AS A POSSIBLE AID 
IN TEACHING 

With tbf aitl of n punch, a hainnier, and stnne blank 
player-piano roBs, a mechanicalfy inclined music 
teacher can make alinosi: any number of musical train- 
ing devices. He needs merely to measure the proper 
distances on the rolls, and hammer away. The writer 
has constructed a number of such training aids which 
seem to him to have a certain atnourit of value. They 
are not tests in any strict or formal sense of the word. 
Their validities and reliabilities will probably be 
found to fluctuate somewhat in the various situations 
in which they might prove of use. 

A, l.NTI-KVAI. Rt-aKiNlTKlN 

On the first fjuarter of the roll the 12 chromatic in- 
tervals appear twice in a cfinluscd order. They ap- 
pear always as simultaneously played dyads with a bass 
on middle c. The second quarter of the roll is similar 
to the first except that tlic intervals occur as successively 
played (broken) dyads, The third section is similar 
to the first except that middle c is no longer the exclu- 
sive bass. The last section is similar to the third ex- 
cept that (he intervals are played as successive dyads. 
In the various sections the letter notations arc marked 
beside the stimulu.s holes on the roll, 

'Hie roll hii.s at least the following uses : (1) The 

subject may listen in the inlerval.s and watch the dc- 

PIJ 
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pressLon of the piano keys. He may thus aswciaic Jhe 
sound of the intervals and the keys Ui be employed, 
(2) The subject may listen to the intervals and watch 
the letters as the toll passes by. Tins creates the possi- 
bility of associating the sound of the intervab and the 
corresponding letter notation. This use may be com- 
bined with use number 1. (3) The depressor nciinn 

of the instrument may be locked so that the auiomatic 
playing of the keys is not visible. Then in the first half 
of the test the subject may place his lingers on the 
proper keys. In the last half of the test this procedure 
may prove to be quite dlllicult. Thus, at first the sub- 
ject may recognize merely the intervals, uiid finger 
them as though they were in the octave of middle e 
■with this as the bass. Later on, his skill may he sufli- 
cient to finger the notes he hears. (4-) Instead nl 
fingering the notes, the subject may write down the in- 
terval names or the bounding letters. (5) The roll 
may be employed in drilling letter names or symbols 
in the tonic sol-fa system. It may be played at any 
desired speed — slowly at first and then faster as the 
subject develops proficiency. 

B . Chord Analysis 

: The roll starts with samples of the major chortl in 
all three positions. Following these arc samples of 
the three positions of the minor chord, and finally a 
of the whole tone chord. These arc all 
bounded on the bass by middle c, The actual test be- 
gins at this point, First, the three positions of the 
major and> minor chords appear twice and the tvlude 
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tone chord appears three times in a mixed order, all 
stariinjf on the e above middle r. Fifteen cliords arc 
presented in all. 'riic second half of the roll is precise- 
ly the same as the first except that here the chords are 
broken. 'I'lic chord nainc.s arc written on the roll in 
die proper places. 

Among the possible uses for this roll arc the follow- 
iiig: (1) As a test of chord knowledge, the child 
may be told the names of the samples any desired num- 
ber of times. Then the real test is taken, and the child's 
knowledge is ascertained. (2) It is a common pro- 
cedure for the teacher to call off the names of the 
chords as he plays them and to teach the child to asso- 
ciate the chord names .and the sounds or piano posi- 
tions of the tones. If this roll is used, the child may 
read the correct names from the roll as it is being 
played, (.1) He may also watch the automatic de- 
pression of the piano keys. 

G. CoNrttoi. OP 'I'lME 

A series of rhythmic patterns is played over and 
over again. The subject accompanies the roll an oc- 
tave higher. After a time the music ceases, but the 
roll continues moving, and the subject keeps on playing. 
After a certain number of repetitions be stops the in- 
strument, opens the slides, and secs on the roll the ex- 
tent of his time error. This is accomplished mechani- 
cally by figuring at what point on the roll a hole would 
have been punched if the instrument were still to ac- 
comp.iny tlie player say 10 measures after the inechani- 
cal playing really did stop. A mark is placed on the 
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roll at this paiat with other marks .ni j?ivcn distance® 
on either side, (A weak point in the procedure is that 
the subject may vary in hU tale o( speed hut be sufU' 
eiently fortunate to have his errors cancel. In this way 
he could arrive on time, as it were.) 'riic function of 
this roll quite obviously is to airciiglbcn the subject’s 
time control. 

Wi- ;s D PERCEniON OF TlME CHAMOES 

' This toll presents a scries of tones at a constant speed. 
After a while the time accelerates or becomes slower. 
The subject is to stop the instrument when be lirat cUs- 
edvefs the change, and to open the slides to view on the 

his response.?. A 
thieejf His the roll to correspond with the 

pdinf at which the tiihe first changes, 

■The/fact that the writer and one student became 
q^iiite skilled at manipulating this roll may nut ncccs- 
bsacily mean that their tittve limcns were altered. [See 
r Seashore (37), on this,] The present writer docs not 
wish to discuss this much-debated point. He readily 
’ grants that the utility of this “aid** is in question, A 
’ description of it is given mainly because it is a most 
aihusing toy. 

Resolutions 

diatonic scale c U played both as- 

cchdiiig ail'd descending. This U followed by a scries 
sequences in pairs, such as c-ii, and h-c; 
a-p ind d-g. By this method, that of paired compari- 
adnsj'eaeh, possible two-tone diatonic sequence is com- 
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pared with every other. The subjects arc asked each 
time to judge which of the two sequences is the more "at 
rest" or "finished." The roll may be employed to 
drive home tlie resolutions deemed proper. 'Fhis may 
be facilitated by marking the "correct" answers on the 
roll. Thus, the student may sec the answer as he listens 
to the stimuli. He may also be tested from time to 
time. 

From this discussion the reader should not conclude 
that the present writer feels that all music students 
should necessarily agree with the traditional harmonists 
in the mailer of resolutions. In this day of atonic music, 
certain teachers may wish to keep their students from 
accepting too quickly the standards of the past, One's 
decision in this matter will probably rest on the par- 
ticular philosophy of music adopted. 

F. DiPFi-utiNThY Accented hut Simultaneously 
Rendered Tones 

It Avas previously pointed out that one occasionally 
meets the phenomenon of differently accented but sim- 
ultaneously rendered tones. Let the following be an 
example: 

A' .V .V X X X X X X X X X X 
YyyyYyyyYyyyY 

in which A"" is an accented tone, a* the same tone unac- 
cented, y a iliffcrcnt accented tone, and y the same tone 
unaccented. The methods mentioned in Chapter V 
might conceivably serve for this problem althougb 
their relative cflicacies arc not kmwn, 
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The present writer has constructed a roll which 
presents the complexities 2 against 3, 3 against 4, and 
2 3, and 4 against S. Such a tool can be easily made 
from a Duo-Art roll by virtue of the theme control this 
mechanical player possesses. This Gestalt meiliotl im- 
presses the writer as worth while. However, he reiil- 
izea that, in the last analysis, trained music teachers 
must decide on its worth. 

G . Playing Rolls DACKWAnn 

it is a simple matter to rewind a roll so that the music 
is presented from the end to the beginning instead uf 
iti the more natural order. Such a procedure has its 
v^lties, The unusual effects obtained by baclrwnrd 
renditions act as exaggerators of normal c/Tccls much 
as abnormal behavior caricatures the normal. (Phtino« 
graph records can also be played backward by simple 
alterations in the wiring of the phonograph mccliatiisni, 
Phenomena similar to those gotten from the rolhs can 
be obtained, The use of the backward -playing phono- 
graph might also prove Important in studying speech) . 

H . Mirror Inversions 

Another trick possible with a player-piano roll is 
that of turning around the roll as it is inserted in its 
slot 80 that the soprano portions are played in the bass 
and t|ie bass in the soprano. The effect is as if a 
mirror linvecsion of the notes had been made. At the 
moment the author can imagine no educational func- 
tion for this procedure, but offers it in the hope that 
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some noble use may eventuate. It is possible to play 
the roll backward and invert it at the same time. When 
misusing the roll care must be taken to keep it from 
rewinding. This it is likely to do as the rewind slot 
may on occasion be activated by holes whose functions 
are quite diflcrcnt in ilie normal performance. Quite 
annoying l.t the fact that after a rendition the roll must 
either be rewound by hand or be pulled from the 
lower roll rack, be replaced in its normal rewind posi- 
tion, and be rewound while the motor button is being 
forcibly held our. 

I. A Prcku- That niii ICnginkeu Should Take 
INTO Account Hi.s Subjects’ llESPONSifs 

It is frequently convenient fur the psychologist to 
have at hand illustrations proving the fact that the 
engineer should attend to p.sycliological responses as 
much as to the physical stimuli. At least he should not 
neglect the resjjonsc side of his problems. Duo-Art 
Demonstration Roll S-29dS furnishes such an illustra- 
tion. 

This roll was made to display the Duo-Art’s many 
wonders. Among these is the alleged superiority of 
its loudness controls over those of its competitors. It 
offers 16 di/Icrcnt intensities of hammer strokes, con- 
siderably more than does cither of its two chief rivals. 
These intensities arc presented at the beginning of the 
demonstration roll by the appearance of 3 tones of 
number 1 intcnsiiy, then 3 of number 2 intensity, 3 of 
number 3, etc. 

It was decided to ascertain by tlic use of this roll the 
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relative perceptibilities of these inicnsiiy stimuli, to 
learn, in fact, whether or not there were 16 ctjually 
perceptible loudnesses. To (lo this it was riecessary 
to prevent the subjects (two groups, one of 33 ami an- 
other of 45 from classes in elementary psychoJogj') 
from knowing that each set of three tones was at a dif- 
ferent intensity, The piano had just been overhauled 
by a Duo-Art expert and declared to be as gouti as 
new. 

The directions were as follows: 

You will hear a series of 48 tones grouped in duces. 

Each group of 3 may or may not difler in loudness from 
the precEding. II it scema louder than the preceding 
group put a cheek mark opposite it in the proper space 
on the blank provided you. 

The experimenter played the roll at ‘*iiinc 30,” and 
at "normal” intensity. To keep the subjects from los- 
ing theit places he held up a series of numbered cards, 
.a number I while the first group was being played, 
a nurnber 2 while the second set was being rendered, 
etc. When the subjects were told at the end of the 
.experimental perw that there had been a change in 
physical intensity with each set of 3 tones they expressed 
■ considerable surprise. 

: The checks were tabulated and found to correlate 
at ,45 (r ho) for the two groups. Although this agree- 
incht h not high, there was almost perfect correspond- 
•eiice for the sequence of the periods of greater and less- 
er perceptibility. With only one exception nn inten- 
sity value of greater perceptibility was followed by one 
of lesser, and this, in turn, by one of greater percepti- 
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bility- Thus nbDUl one-half ihc intensilics were well 
perceived, 'i’liis demrmsiraiion bears out a conclusion 
made by Whipple in 1928 (4>) to the cfTcct that not 
all ilic 10 Duo-Arf intcn.sitics were cipially important. 
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further data concerning the 

UPPS-MEYER LAW 

The writer's proposed modificalion of the Lipps- 
Meyer Law (6) which appeared ii\ read as fol- 
lows; "The ratio-symbols 2, 3, 5, and 7, when em- 
ployed as endings, display repose c/Tccis in the inverse 
order of their size. Specific iraininij can markedly 
change this order.” These conclusions were bused on 
a series of studies in which the stimuli were derived 
from a specially constructed reed organ tuned in equal 
temperament. On several occasions since that lime 
the writer has been, asked to attempt a similar study 
with just intonation.^® Recently, with the aid of Pro- 
fessor Dayton C, Miller of the Physics Dcparimenr 
of Western Reserve University, the rced organ was re- 
tuned in just intonation. 

Three groups of approximately 4-0 each, drawn from 
courses In elementary psychology, served aS subjects. 
Procedures almost precisely similar to those of the 
earlier study were employed. However, instead of 
giving the sequences on three successive days (to mini- 
mize the factor of falling Inflection) they were olTcrcil 
in reduced number (54 in place of the original number 
90) on the sanae day but with pauses of 10 minutes' du- 
ration between the three sets of sequences. The 
pitches involved were 168, 240, lU, 336, and 4h0 cycles 

^^Tlie most recent study of cndiiiR preferences, that 1))' '/.fWV.t (4‘Jh 
employed equnl tempernment, 
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ior llie first set of ]iici{ucni:es; )80, 216, 252, 360, anti 432 
cycles for the second sci; and 192, 224, 320, 3B4, and 
448 cycles for ihc third. The order of rciidiiion was 
not the .same for all groups of tiubjects. For the first 
group a falling iiifletlion was used. With the second 
a rising inflection occurred. In ihe experiment with 
the third group of stdjjccis the order was falling, then 
rising inikclion. 

In the writer's 1926 siuily (6) the relative pre- 
ferences for a class of 4() were: ratio-symbol 3, 40%; 
5, 34%; and 7, 26%, Assuming that, if chance (sta- 
tistical sense) alone had operated, the values would 
all have been 3.3, it can he seen by the method of X’ that 
llicre are only 20 .some chances in 100 that subsequent 
experiments would not give deviations from 33 as great 
as or greater than were obtained, In the first of the 
present cxpcrimeius the percentages were: ratio-sym- 
bol .3, 32%; 5, 46%; 7, 22% (I or 2 chances in 100). 
In the second they were; ratio-symbol 3, 43%; 5, 24% ; 
7, 33%, (approximately 7). In the last experiment 
the values were: ratio-symbol 3, 28% ; 5, 35% ; 7, 37% 
(50 some chances, so no significant deviation from 
chance) . 

It is quite obvioiKS that some factor (or factors) lias 
(have) caiJ.scd these data to he different from those 
obtained with equal temperament. In the writer's 
opinion the change was brought about by the change 
in tuning, Thi.s view is somewhat substantiated by the 
behavior of Ihe subjects, Tliesc latter commented 
must vigormcsly aliout the misuining of the .stimuli, 
Of course, the lone,s were not mistuned in the Iiistoiic 



42 


PAUL R. FARNSWORTH 


sense oi the term; yet they were frequently quite sharp 
or flat to those subjects who had good discrimiiutory 
ability, and who were not familiar with just intona- 
tion, Moran and Pratt (27) have stated that the pres- 
ent writer in an earlier article accepted Max Meyer's 
dictum to the effect that the tempered scnlc functions 
exactly as does the natural scale. This assumption is 
at least in part erroneous, as nothing svas said about 
“functioning exactly.” However, it must be admitted 
that the present writer did not at that time anticipate 
the serious confusion which just intonation could cause 
in the matter of ending preferences. 

An examination of the stimuli to see their deviations 
from equal temperament in terms of cents (a cent is a 
twelve-hundredth of an octave) will probably prove 
of value., Table 4 reads as follows: In the case of 

TABLE 4 

Stimuli Sequences and Deviations from Equal 
Temperament 

1 down to 3 (+33) down to J (— K, +17) 

3 down to 5 ( — ^16) down Lo 7 {—17, — 31) 

5 down to 7 (—17) down to 3 (+33, +16) 

Seca/td gxperimtJtt 

S up to 3 (+16) np to 7 (—33, —17) 

J up to 7 (—331 up to S (+17, —16) 

7 up to S (+17) up to 3 ( + lfl, +31) 

Third e^perimetti 

3 down lo 5 (—16) up to 7 (—17, —13) 

7 down to 3 (+33) up to 5 (—16, +17) 
i. ;; ^ ^ WP to 3 (+31, +16] 

the first sequence, the 3 is 33 cents sharper than ha 
equally tempered equivalent, if the ratio-symbol 7 is 
taken as a point of orientation, The S is 16 cents flat 
if 3 is accepted as the orientation point, but 17 cents 
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sharp if Uic 7 in niiiiiKiiincrl as (he point of cuinparisun, 
cic. (1/ ihc raiio-syiiilxjl 2 could possibly be kept in 
mind, die raiio-symlKil would aUvays be 2 cents out 
of line, the S would be 14 lenis, and the 7 would be 
31 cents from [lie position of the correspoiidinipf equals 
ly tempered equivalent.) 

In the second experiment, in which rising inflection 
was the rule, tlie occurrences of mistunings are dif- 
ferent. In the sequence 5 to 3 to 7 the 3 is 16 cents 
sharp and the 7, 33 cents flat, etc., etc. 

In a review of siudies on feeling and emotion, Wash- 
burn (44) has said: “To account for ending prefer- 
ences Farnsworth says that we must assume two prin- 
ciples, the tonic principle (human beings prefer the 
tonic as a melodic ending), and the habit principle . . , 
The reviewer would ask why tlic tonic principle is not 
a special ease of the habit principle, since nature fami- 
liarizes us with the association of a tone and its over- 
tone intcrv.11$?“ It would seem that Washburn has 
failed to realize that her nature suggestion is in truth 
an hypoilicsis, on a par vviili Pratt's ideas of intrinsic 
qualities (33) and Meyer’s theories concerning the 
functioning of the nervous system (24). The present 
writer in bis earlier article was stating his discovery 
that training of a f.iirly obvious sort could be one ele- 
ment in the establishment of ending preferences. 
Although there Is evidence that the effect is usually 
fully established by age 14 (35/i), tlicrc yet remains 
to be explained the origin of tonic behavior itself. 
This nuiy eventually he reiluccd to some liahit plie- 
nomcnon, but again the issue may not be so solved 
when adeijuatc data arc at hand. 
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The writer will not attempt to explain the prefer- 
eaces as found in the present experiment. He merely 
wishes to make the point that with such apparent mis- 
tuning it Is little wonder that the results are so dif- 
ferent from those obtained with equal lempcrameiit. 
Were he to restate the Lipps-Meycr Law he would 
do so as follows: "The equally tempered approxi- 
mations of the ratio'Symbols 2, 3, 5, and 7, when em- 
ployed as endings, display repose effects in tlie inverse 
order of their size. Specific training can markedly 
change this order. This law holds for American col- 
lege students when simple 2-, 3-, or 4-tone sequences 
near the center of the piano range are employed. Noth- 
ing, however, is definitely known concerning the condi- 
tions responsible for this effect, the cultural groups 
for whom it holds, or the limits of the tonal range in 
which it exists.*' 
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FURTHER STUDIES OI- 'rilE SEASHORE 
AND KWALWASSER RATrERIES 

A. Tiik Gaw Modimcatioxs uf thk Skashure 
Sek,se of 'fiMii ANii Toxai, Memorv Tf.sts”' 


Gnw (1+) Ii;is pninicil niu that llic Seashore Sense 
of Time and 'Fona] Memory lesis (36) arc considera- 
bly loo (lifliculi for fifth -graders. She has, therefore, 
proposed motlific.itions of each. Her new time test 
includes face A of the old record with the last column 
of stimuli of face H added. The test is given twice, 
and (lius provides 120 .stimuli. In this way the 
columns with .()9*scconii differences are the most diffi- 
cult olTcred. 'I’hc memory test is modified by omit- 
ting the five- and si.x-spnii columns of the old test and 
by twice repeating the remaining portions of the record. 
This proccilurc gives a total cd 90 stimuli. In the Gaw 
article, percentiles arc olTcrcd based on 5.3 fifih-gmders 
who had taken the new lime test and 141 fifth and sixth- 
graders who had taken the tonal memory test. 

The present writer decided to gather more com- 
plete information concerning these modifications of the 
Seashore records. One hundred thirty fifth-graders 
from the schools of Palo Alto, California, were ex- 
amined. 

The two tests were found to intcrcorrelatc to the 
extent of .37^!:-,05. 'Die odd-even reliability of the 


'"Kcpnntil in purl sil tin? P).1l incclinus nf die Western Psy- 
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memory test was ,85^.02; the value for the lime test 
.76^.01^*“ TKeic cocflicienu arc considerably 


TABLE 5 

Tonal Mbmorv 

Pemenlage correct 

Rink Fercemage mteci 

Hank 

' 98+ 

100 

62 

42 

57 

59 

61 

4D 

56 

5B 

60 

19 

95 

96 

59 

37 

94 

55 

58 

34 

93 

92 

57 

35 

92 

H9 

56 

32 

5i 

87 

55 

51 

90 

84 

54 

51 


84 

5J 

30 


85 

n 

^8 

a? 

81 

51 

25 

u 

80 

50 

23 

Si 

79 

49 

21 

B4- 

79 

41 

22 

H] 

78 

47 

21 

B2 

75 

46 

20 

B1 

74 

45 

19 

BO 

73 

44 

17 

75 

72 

45 

15 

71 



\S 

77 

70 

41 

13 

76 

68 

40 

12 

75 

66 

39 

M 

7+ 

64 

38 

9 

73 

62 

37 

8 

72 

59 

36 

H 

71 

57 

35 

7 

70 

56 

34 

6 

65 

54 

33 

5 

6B 

53 

32 

$ 

67 

50 

31 

4 

£6 

65 

49 

48 

30 

29 

3 

3 

6+ 

63 

47 

45 

28 

27 

3 

3 

;':v •■ ■■ 


26 

2 



25 

2 



24 
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higher lhan !hr« fouTui by i)jc wriicr in a study of the 
original farms af ibcsc icsis {!). The values then 
rwere of the magniiudc« ,74.± (12 for the memory test 
and .SBrfeXH tm ihe time. McCarthy (22) lias rc- 
porieil a vaUic of JS for the old memory test, In the 
present study, approximate percentiles were developed 
for bath tcsii. 

r^MU: 6 
Sense or Time 
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An inspection of Tables 5 and 6 and the tables 
offered by Gaw (14) indicates that the Gaw modifica- 
tions are somewhat too easy for fifth-graders, Their 
length (a considerable increase over the old forms) 
13 such that fifth-graders arc apt to become fatigued. 
However, with their increased reliabilities they are 
undoubtedly improvements over the older forms, 
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B . SEASHOflE Sense of Rhythm Pekcentii,es 

In an earlier monograph (7) in Avhich live Seashore 
music tests were studied, the present writer found that 
the adult norms obtained at Stanford agreed tjuiie well 
with the norms constructed nt Iowa (36) . 'I’his state- 
ment held for the earlier tests. The most recently con- 
structed, however, the test of rhythm discriminatiun, 
violated the generalization in that the Stanford median 
and mean scores approximated 84 and 77 percentiles 
instead of percentile on the Iowa norms. Strange- 
ly enough, a recent check by R. C. Larson (21) found 
median scores which approximated 35 percentile. 

The presentwriter does notwish to postulate theories 
concerning the reasons for these discrepancies. He 
merely feels that, inasmuch as, quarter after quarter, 
he has found Stanford sophomores giving hi giver mean 
scores than they should according to the accepted Sea- 
shore norms, he should employ his own percentiles. It 

TABLE? 

212 Stanford SuBjners on the Rn^TiiNt Tiisr 

PercenUge correct Hwnk 

iOO 
99 
9? 

9i 
90 
83 
75 
65 
50 
36 
27 
17 
JO 
3 
I 


96+ 

94 

92 

90 

Bl) 

B6 

U 

S2 

&0 

7B 

76 

74 

72 

70 

6a 
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is interesting to note that Broom (2) also found Cali- 
fornia Biutlcnis scoring more highly than was expected 
on the rhythm test. 


G , PKftCKN'ma-s im KwAtAVASSER Melodic and 
Harmonic Sbnsitumtv Tivsirs, Victor 3SS7J 

The writer has previously demonstrated (7) that for 
Stanford subjects the norms offered by Kwalwasser 
(19) arc inadequate. This finding was to have been 
expected since Kwalwasser made no allowance for age 
in the construction of his norms. The writer, there- 
fore, presents a sample of his Stanford figures in the 
hope that it may give a better picture of the college 
level than do the norms ofTered by Kwalwasser. 

TAni.E 8 

200 Stanford Soiijf.w on thu Sf.nsitivitv Ti-sts 


MdtiJIe liArmonic 


PuFCthiajitt tflrrm 

Hank 

PeiceniflRt' corrcci 
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WO 
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n 

n 
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99 

31 

97 

31 

9S 

2i} 

9S 

30 

98 

29 


29 

95 


79 

28 

93 

21 

60 

27 

86 
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32 

20 

74 

25 

33 

2S 

60 

2\ 

2S 

21^ 

49 

2J 

17 

23 

35 

22 

11 

22 

20 

21 

9 

21 

14 

20 

7 

20 

fi 

19 

] 

19 

4 

IH 

2 

la 

1 

17 
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THE KWALWASSER-DYKEMA MUSIC 
tests as psychological TOOLS”' 

A, The Problem 

A short time ago the present writer made a study 
of the Seashore and Kwalwafiser music lest batteries 
(7) , The major point of interest rested in their util- 
ity as psychological tools. A somewhat similar study 
of the Kwalwasser-Dykema battery (20) would ap- 
pear to be even more urgent as little statistical infonna- 
tion concerning it is available, 

B. A Descrivtion op the Tp.sts 

Ten tests are included in this battery. Each mem- 
ber occupies one side of a doubled-Iaccd ton-inch rcc- 
ofU. The tests are supposed to measure capacities and 
abilities, the effects of training being more ap]3areiu 
in certain of them than in others, The set can be car- 
ried in a small case which occupies little space. 

Tht tonal inemary test consists of 2S pairs of patterns 
which range from 4 to 9 notes each in length, The 
patterns are played twice, cither in exactly the same 
or in changed form, The subject responds by the 
words "same” or "different," (See Section C.) 

The test of quality discrhninalion includes 30 ele- 

^ bauery will be referred to ]icrc,ificr 

baUciy sWW be distingtiislicd Irorn iin 
earlier record made by Kwalwasacr which purport* to lest inelnilic 
and harmonic iensitiyity (19). For a criticnl study of thi* buer 
record see reference 
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mcDia, each of which is composed of iwo notes played 
on one instrument and immediately repeated either 
on the same or on a different type of instrument. The 
subject's response is "same" or “different," The in- 
struments whose playings arc repeated are the trom- 
bone, violin, oboe, English horn, French horn, flute, 
muted viola, clarinet, 'cello, viola, muted trumpet, 
bassoon, tuba, and piano. When the second renditions 
arc not given by the same instruments, the following 
arc paired: clarinet and trombone, clarinet and oboe, 
‘cello and bassoon, 'cello and violin, 'cello and trom- 
bone, 'cello and viola, viola and violin, viola and muted 
trumpet, muted viola and muted violin, trumpet and 
French horn, trumpet and flute, muted trumpet and 
muted trombone, muted trumpet and English horn, 
piano and celeste, violin and oboe, and flute and French 
horn. 

The measure of imensUy Mscriminalion is con- 
structed sn a manner quite similar to that of Sea- 
shore's intensity test. (See Section C.) Thirty tones 
and chords arc repeated at different intensities, The 
subject judges whether the second of a pair is weaker 
or stronger than the first. This record is taken from a 
Duo-Art reproduction which allows a number of 
different degrees of loudness. 

Tonal movemett! refers to the ability of a subject 
to indicate orthodox musical endings. Each test ele- 
ment consists of four unresolved notes. The subject 
decides whether the tone which would give the best 
possible resolution (according to the musical theorists) 
is higher (up) than the last tone given or lower 
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(down), The actual tone is not requested, merely the 
direction of the proposed completion tone. There arc 
30 items. 

The measure of lime {Hscriwinalion has also been 
made from a Duo-Art player-piano roll. 'Die tones 
are compared as to duration with the tones preceding 
and following {judged “same" or “different"). The 
temporal variations range from ,03 to .30 second. 
The stimuli (25 items) are presented in a random 
order. (See Section C.) 

The test of rhythm discriminaliou contains 25 items. 
Each item is composed of two measures which form a 
rhythmic pattern. This is repeated cither in the same 
or in dilferent form. (See Section C.) 

In the test of pitch discriminalian there appear 40 
items, A tone (either 500 or 1000 d.v.) is sustained 
for approximately 3 seconds. It either retains its pitch 
perfectly (rated as “same"), or else rises or falls any- 
where from .6 to 50 d,v., and then returns to the start- 
ing pitch (rated as "different"). (See Section C.) 

The test of melodic iasle attempts to measure "on 
the basis of general musical appeal sensitiveness to 
structure, balance, and phrase compatability." The 
items (10 or 20)*“ consist of hvo melodics of two 
phrases each. The first, or opening, phrases of each 
melody are identical. The second, or concluding, 
phrases are unlike. These latter are to bc compared 
for their suitability as concluding phrases. 

In the test of pitch imagery 25 measures of notes 

“^The 20- (not the 10-) item test was studied in lltih- mouopriijili. 
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arc played to the subject. He is to compare each meas- 
ure with wliat is on the printed blank which has pre- 
viously been distributed to him. All of the chromatic 
characters arc present in the music. The responses are 
"same” and “different.” 

The rhyihm imagery test is similar in almost every 
way to that of pilch imajjery with the exception that 
heard and seen rhythmic patterns arc to be compared 
instead of pitch patterns. 

C. RKr.ATlON’K ril-TWKEN CORKtkSPONDlNG TEST'S IN 

Kwaiavasskk-Dykema and Seashore 

UAmHins®’ 

The Kwahvasscr-Dykema anti Seashore (36) bat- 
teries overlap to (he extent of presenting five tests each 
which purport to measure similar capacities and abili- 
ties, The test fields ijicludc pitch discrimination, dif- 
ferences in rhytlimic patterns, intensity discrimination, 
memory for tones, and lime discrimination. 

The pitch tests Iiavc t)uiic dissimilar constructions. 
In the K-D measure a tone is sustained for approxi- 
mately 3 seconds. It either retains its pitch perfectly 
or else starts at 500 d.v, (or 1000 d.v.), rises or falls 
anywhere from .6 d.v. to 50 d.v., .and then returns to 
the starting pitch. When the former event occurs, the 
subject’s response is ''same”; for tlic latter the answer 
is "diffcreiit," There arc 40 items arranged in ran- 

“^Wlien iiodn'ng is .statnl tii the contrary it is to he assumed tliat 
the records were (ilayed on an olil-.stylc plioruiftrapli. 

-O^eporieil at the 10.11 meeiiiifi <il the AVe.stein I’.syclioloKical 
Associatitin, 
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dom order. The 100 items of the Seashore test, on 
the other hand, are arranged in a very definite se- 
quence. In each instance two tones arc played twice. 
The second is recorded as being "higlier'’ or "lower'' 
than the first. (The actual differences range from 
to 30 d.v.) 

The rhythm tests are alike in that the subject's judg- 
rnents are recorded as "same'* or "tlifTcrcnt," I he 
K-D test employs tones and the Seashore, clicks. The 
former test is only one-half the length of the latter. 

The intensity tests have much the same construction. 
Several differences, however, may be pointed out: (1) 
The K-D test employs piano tones while the Sea- 
shore test uses the audiometer; (Z) in the former test 
there is a random order of difficulty while in the latter 
there is a regular progression ia difficulty (10 easy 
itethsj then 10 less easy, etc.) ; (3) while the K-D test 
contains only 30 items, the Seashore possesses 100. 

The Seashore memory test attempts to measure the 
subject's immediate memory for changed notes. That 
is, the changed note itself must be designated. From 
2: to 6 notes are repeated in changed form, In the K- 
test the subject is required merely to state whether 
the repetitions are similar or dissimilar. The patterns 
vary from 4 to 9 tones each, The Seashore employs 
flute tones; the R-D uses the piano. The K-D is one- 
half the length Of the Seashore, 

The K-D time test presents inlcrvala of filled time, 
are compared as to duration with the tones 
following pudged "same" or "differ- 
ent ). The temporal variations range from .03 see- 



STUIUIIS IN I'SVtllOlXHiV OKTONH AND MUSIC 


55 


ond 10 .30 second. The stimuli (2S items) are 
presented in a random order. The Seashore test, on 
the other hand, presents intervals of empty time, 
Each Item (there are 100 such) is composed of two 
temporal intervals. The second is to be judged rela- 
tive to the first. The temporal variations range from 
.02 second to .20 second. A set order is maintained. 

Correlations between the pairs of similar tests were 
run on Stanford sophomore subjects.” These coefH- 
cicnis were of the fallowing magnitudes: pitch, 
,17sk:.05; rhythm, .2+±-..07; intensity, ,03tL-,05; tonal 
memory, and time, ,38:t:,06. Whether or 

nut one believes in applying the formula for correction 
for attenuation, the fact remains that, with the excep- 
tion of the tests of tonal memory, these records arc not 
measuring at all perfectly the same behavior varia- 
bles.” 

These findings have been verilied by Tilson (41, 42) 
who has worked with college students enrolled in a 
music supervisors' course. The Tilson procedure, how- 
ever, was somewhat unusual in that the pitch tests were 
presented three times (on successive days) and the 
other measures twice each. The highest scores only 
were recorded. Tilson has argued that in this way the 
students' physiological limits arc more likely reached. 

^[rt Hus rtuJ succcci!ln|r sc^ziionn the ailult subjects were nil 
tflkca /rnm courses lu clemciirary psycholuRy. The fifth- nnd cighth- 
gfftclc Bulijccis were frmn wriinols in Sau Jose, Cnlifomfin 

the prcHcru writer's Seiishore reliabilities (7) tuuI the stcppccl- 
up Olid-even vfilucH for ihe K-I) (re|uirtcd in n subseiiuciu section) 
fire employed in corrections for attenuntion, the cnefiicicnts become 
,2J, .46, *04, .H2, and listed in the order ^Ivcii nhovc, 
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The present writer is inclined to believe, however, that 
this method allows chance variations toward higher 
scores to be favored over similar variations toward 
lower scores. Be this as it may, the values are some- 
what similar to those obtained at Stanford. They arc 
pitch, .14±.07i rhythm, .22=t:.07; intensity, — ,l2-t-.O0; 
tonal memory, .32±.07 ; and time, ,40=J-^06. 

Another and later study by Whitley (46) gives 
higher values (pitch, .49±.04; rhythm, .43db,0S; in- 
tensity, .38±.05; tonal memory, .71=t:.03; and lime, 
,55±.04). For Whitley, as for the present writer, 
the two tonal memory tests gave the highest of the in- 
tercorrelations. 

Drake (S) has compared the tonal movement test 
with several members of the Seashore battery. His 
values were found to be; pitch, .48=fc.04; rhythm, 
.12±.05; intensity, .21=t.05; time, .2l=t.05: nicinory, 
.50±.O4. With age, intelligence, and training par- 
tided out, the values we .4Z, .QE, .15, A9, A7. 

In a study of eighth-grade school children, Sander- 
son (35i) found correlations between corresponding 
K^D and Seashore tests as follows: pitch, .43::l-.02; 
intensity, .27±.Q2; tonal memory, .48=t.02. 

D. RELIADlLITtES 

Figured from the standpoint of odd-even item cor- 
relations the values for adults arc very small, with 
the tonal movement reliability as the only promising 
coefficient. Judged from the retest side, the tonal 
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memory test is (he best of the bftltcry.®^ It is cliffi- 
cull to ascertain which of the two methods is the better 
one to employ with this battery. The present writer 
somewhat favors the retest values, as the memory 
carry-over appears to he extremely small, and the tests 
seem tun brief for the .split-half method properly to 
be employed. 


TABLE 9 


RlII,IAn]I.ITIMS OF TESTS't 


Ten 


£li(ppcd-up valuca 

Helcii 

Tonal memory 


.63 

.73':i:,04 

Qiidlllv 


M 

.i3±.06 

Irtieniiiy 

.•n±.oi 

.CO 

— .I0±.09 

Tonal muvtimeni 


MS 

.SS±.06 

Time 

.46S£.flJ 

.fi3 

.4Z±.C9 

Khyihin dijc’rfrrtinalion 

.lUSt.t)? 


.2l±,0J 

Pllrb ditkcriminaiioii 

.4fi±.0$ 

.63 

— .0S±.O9 

Mclodk Ufilc; 

.16*07 


.J3±.06 

Fitch rrtiaKcry 

.2tl±.07 

.33 

.^2±.0^ 

Rbylhin imagery 

,11 ±.07 

r2D 



*\Vhiiky (46) fiiifi kImi nKured i fur ificiic (esU by flic uplit-bnif 
meilibd^ Mcr vnbiifp, irhlle u bil Ip>rrr t)iaa lliysc uf i)ii? i>J'Cflcnl wriicrj 
pcacmbfe fhe fader mailicdly. They afc: tonal mtriuuy, atinliiy, 

iuittnuiiy, .23±:,06; uinnl movciucnli .fi7:t.03; timcj ,33±.05: 
rhyifim, .2iif:.(l6; pitch, MZ7:ttM6\ mclndic taaic, 
tA Jiliidy by Drake (5) hajj Jiiii come id ihc wriier’j aiicntlon. The rc- 
lUbiiliicH gf the K4) icitii >vcrc HKured by Correlailng ibc upper five ro^a 
RKAiiifli the lower live, With the majority of feiiiH two leis of Buhjccia were 
employed, muAicnl a riel nori-rriifnirnl. ‘riic re/ioltfl for the ffroupn nre; quo lily, 
.So±.07| .Z5^:.0S; mcluilic Ualc, ,44:h.07, .ZS:Jr.05; jiUchj ,35±.09; lonal 
meinory, mnal muvcincm, .74i.U+, .58±.Q3; rhytlmi, 

4I±,0S (not Rieppcii up). 

Kelley (18) lias given a formula (number 14-7) for 
obtaining tlic reliability of a battery if the reliabilities 
of and the intcrcorrclatioiis between the several con- 
stituent members arc known, If the present writer’s 


“’One nml onc-linll niontlis clunscil bciwcen tcstiiiK jicrioils. 
““See section on norms, 
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rcndiiioD; r lo the tidd-cvco corrclaliaQa of die doubled created as if they coc5Citii(cd a stDgle icsT- 
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data arc assumed, r ci^uals ,77, This is lo be compared 
wiili the value of .89 found fur (he Seashore battery 

( 7 ). 

The data of Table 9 were gathered with the aid of a 
non-electric phonograph. At later dates, in an attempt 
to raise reliabilities, new data were gathered on a 
Brunswick panatropc. The tests were given, and then 
immediately repented. The subjects were led to be- 
lieve that the repeated sections were new forms of the 
tests. The papers were accordingly folded to prevent 
copying. The test of melodic taste was not repeated as 
the normal 20-iiems test is really a retest. At various 
times during the testing periods many of the subjects 
probably decided that they were hearing mere retests. 
How important an effect this had on the results it is 
impossible lo stale. 


'rAULli: 1 1 

OuD-EvUN RliUAVUl.ll'lKS* t 


I'CJII 

5ih grude 

Slipped 

up 

0r)i 

grade 

Siepfjcd 

up 

Tpiml memory 


.56 

.09±.0i 

.16 

Oodlicy iliiKsriiiiniRiion 



.d6d!:.04 

.65 

Jntcnrit)^ dilcrimlrutiun 

.■(S*.0+ 

.65 

.75i.02 

.a6 

Tonal inovcmcjii 

.79d:.02 

ja 


.61 

Time iliocrlminalinn 

.a9*.0+ 

.56 

.■V7±.04 

.64 

Khyihm iliicrlininnlinn 


.55 

JB±.04 

,55 

Pilch diRcrImlnaiinn 

.J3±.()+ 

.5Z 

.2B±.0S 

.44 

Melodic Uric 

.22±.0S 

.U 

.0Z±.05 

.04 

Piich imagery 

.01±.0i 

,02 

“.83±.02 

—.511 

Hhyihm jpTiflgcry 

.4S±.D(- 

.62 

.42±.04 

.59 


*Wiiiilcy (‘IG) hnti nluo (^nilicrcil dnin fnim chililrcii uf ihc grade hcKuoIs. 
Her figtircB nrc nut given lieie as Ucr grnilca arc not comptirnljlg lo llic 
uncii Kuulictl liy ilm iircRciU writer. They ngr^c, liowuvur, i'- rcvenling 
Idw rcliabilideit. 

tSini'c iljii) rnuiiUKraph ivl'iiI in preti.i the Sjimlcrson nriiclc (35i<) lias 
Bppcnrcil. h rcporiB rciem rclinliiliiicH which nrc very low. 
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On the whole these changes in procedure did not 
markedly aid the reliabilities 0 / these tests. 

The data obtained from children of San Jose, Cali- 
fornia, are given below. The reliabilities are very 
poor, in the main. This is especially true 0 / the pitch 
imagery test, which is rather diflkult for school chil- 
dren who have had little formal musical training. 

In letters to Dr. R. M. Mosher of San Jose (Cali- 
fornia) State College and to the prcsenl writer, Kwal- 
wasscr has mentioned reliability figures computed by 
a Mr. Bushnell Bowman. These are retests conducted 
on 150 subjects, 120 of them being elementary- and 
secondary-school children and the remainder universi- 
ty students. The values are naturally considerably 
higher than those the present writer has obtained from 
much narrower age ranges. 

TABLE 12 

Bowman Rblmuilitius 


Tesl 

r VM 

Tonal rnemory 


Qtialtiy 

.fi5d:.03 

Interi9it3r 

.fi3d:-03 

Tonal movement 


Time 


Khythm^ dhcrlminallDn 

A7±M 

Pitch dfscnririnatioit 


Melodic UsLe 

.35±-05 

PUch imtigery 


Rhylhm imogery 



The only possible conclusion to be made on the sub- 
ject of reliabilities would seem to be that, with the 
possible exception of the test of tonal movement, the 
Kwalwasser-Dykema tests are too unreliable for indi- 
vidual prognostication. 



TABLE 13 
I XTERCDRRELATI DNS* 

Pirc& Rirthra Tonal 

Inrcnsi'n.’ Time Rbyibni imagpry image fj' Member'* iRovciiieot Quality 
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I'^ ws 1/1 Is in ‘A Ns m Ml 


7 0 2 9 9 0 


iUI4l 414111 41+111 

M m •w Ji* K7 is 

o rl In In M O Ml r<l 


+i +1 +1 

s;3s 


+ 1 + 1 1 ) 

sss 


+ 1 + 1+1 


+I+I+I +I+I+I +1+1+1 +I+I+I +1+1+1 H+l+l +1+1+1 

s^cno t^jsao (^oi^ soVs-#- ^oOr-l 3^9 

— -- — ^ oOfM 


® n '*1 


CJ o Q *1 


O o O C3 


I 


Is, in im vn m tn »n m ■<,. t/i m m m 

OOO d-OO C>c>0' aO’O ooo 

li iiil +Ui4i 4i+i4i li+i+i +i+Ui 

rn V3 Is m in in os a ic rl «-• i^i cn i|- 

r* O q I-I r-i q (O r- M q q ri r| 


+1+1+1 +I+I+I +1+1+1 

rnnsM wiOin mtnM 
iHtn*^ oi«^cj ocMt-i 

■ 'l l 




s 

q 


u 

E 

H 


E 

jq 

ir. 

-a 

CC 


t' 

& 

cq 

s 


js: 


E 

t 


iS 


b 


a 



c 

u 

s 

u 


a 

E 



H 


a 

a 


Melodic cajstc ,I4±.07 .06^.05 -DSitsOZ ^5i.[!6 ^3^.07 .05=tsOS .I4i;s07 .40±.OS .14±.07 

.Uib.D5 .Dfi±,Di .lfi±,D5 -U±.C5 .Hi.OS s 2 D ±-05 sOfit=.0J .02±.05 .00^.05 

-74±.Q5 — .Q2±.05 .2a±.D5 .la±s05 .H±,05 ,0tf^.05 .l2:t:.0S — -M-i-OS 

"Drake (5j Las repaired a correJanon between puch and raemory of -02±.10 (school bovs). 
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E. INTEBCORRELATIONS** 

In Table 13 are given the test intercorrelations. 
The top values in each box arc for the Stanford sub* 
jects, the center for the eighth-graders, and the hot- 
tom values for the fifth-graders. In only two instances 
are the correlations ,40 or above, a result not unex- 
pected. 

In a study in which 67 music majors at Colorado 
State'Teachers College were tested (4) the total K-D 
score was found to correlate as follows with the indi- 
vidual battery members* tonal memory, .52^.06 j 
qvality, .I4±.06; intensity, .3 1 ±.07; tonal movement, 
i0±.O6; time, .40=1=, 07; rhythm cliscrimi nation, 
,44±.07; pitch discrimination, .30±,07; melodic taste, 
.S4±.06; pitch imagery, .S3=b.06i and rhythm im- 
agery, ,46=t, 07. 

F. K-D Battery and "Intellicjunce" 

It might appear logical to predict that little rela- 
tionship will be found between this battery and the 

TABLE 14 


K-P Batthry vs. Thornbikh Tbst 


Teat 

r V,V.. 

Tona\ mtmory 

.25±.06 

Quality 

— .o+i.ofi 

Intensity 


Tonal ifiovemcnt 

.15j:.U7 

■ Time 

,Q0i:.07 

Rhythm discriminQlion 

,19±.07 

Rhythm mingety 

.07 ±.07 

Pitch dfacrlmjmitiqn 

,t)1±.0lS 

Pitch imagery 

.00±.07 

Melodic taiite (20 iteins) 

r22±,07 


“'These values are not corrected lor attcnuntiuii. 
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Thorndike icsi ivliseh !s emphiycd as a measure of col- 
lege apiiVudc. In a ehcek nf ihis idea ai Sianford Uni- 
vcrsiiy with in*plif«mnrc psyelmlMgy feiudenis, ihc resuUs 
were as pjcdiucd. 

A second ftody id die rcla(iiiiislup between the K>D 
battery and intellij^ence was recently nude. Sixty- 
seven music majors at the Crdwrado State Teachers 
College (4) were given Ihc K'D hattcry and the Ameri- 
can Council Psycludngical Kxaminaiicin. The total 
scores on the K-I) hancry >ind ihe intdligcnce tests cor- 
related .26:±:.0S. The individual music tests with one 
or two exceptinni chcikcd well the present writer's 
results. 


IVMII>K 15 

K‘| j lUrrMiY v%. ,Avirhii,'AK Cocs'Cii. PsvuHoi.iKiicAi, 

KXAMINAltOK 


IrM r I'.ifj. 

(iMaliiy .09±.as 

r«ina( m5tvrtiii:iii .22:1%QS 

HH>ihirt lUirrsimhiiilrpM .0]±-ni 

liliyrhrfi 

PiifJi miduciy 

MclmliV la lie .JKit.fl? 


In a third study recently repnned in a master's thesis, 
Test (40) found the total K-1) battery correlating 
T.03 with the 'riiurstime iiiiclligcnce test. One hun- 
drurl scveniy-livc music stuilenis at Syracuse University 
served as subjects. 
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G. Sex Diffbhenci-:^*® ” 


Sex differences were figured for fifth- ,ind cightli- 
gradera and college subjects. In Tables 16, 17, ami 111 
the means which favor the girls have the hc- 


fore them. 


TABLE 16 
Firrit Gmob 







Mulcti 



P’rmalfi 



Tuat 

N 

U 

Sigma 

N- 

M 


UUif 

Tonal mcmucy 

97 

14. $ 

2.4 

jr 

”^14,2 

24 


Quality 

Intensity 

9fi 

n 

2U 

20.1 

2.8 

4,5 

91 

91 

2M 

i,a 

IM 

l.l 

.3 

Tonal movement 

n 

14.8 

].? 

91 

117 

13 

2.3 

Time 

RhyLhm dhcrlminii- 
tion 

H 

I4J 

2.8 

91 



IJ 

97 

15.6 

a.7 

9l 


11 

1,1 

Pitch dlscrlmi nation 

n 

22.3 

3.7 

91 


1.2 

14 

Melodic lasle 

9b 

ll.l 

u 

91 



[.% 

Pitch Imagery 


\}A 

2.1 

91 

11-4 

IJ 


Rhythm Imagery 

n 

14.3 

17 

91 

— H.$ 

3.3 

A 


““At the time this monograph was sent to pre** lui »l*u were avnil- 
able on racial iliffcrtncM. Since then, however, the SaiuletM>n paper 
(35i>) hns appeared in Nvhich claims nrc made Uir »ii;>iiiilkant racial 
differences. The present writer docs not wux ctulirminslk nv rr siiih 
data. The problem of motivniion, a (lifltctiU one ai sctnis 

most perplexing when racial difTcrcnccs arc htiiig sUnliril, f^Ktil 
as well IS racial culture? may loom imputlnni. l‘tc.vunis simlies 
of the Seashore tests have shown the Negroes to he Nnh hrlicr iind 
poorer than whites, This divergence ol results may Imvi* hern ihie 
to differences in tlio personalities ol tlic testers, to more or le.ss while 
intermixture, to differences in motivation, or to a numkr (»f oilier 
factors. It should be noted that Sanderson’s best group, the Jcvvidi, 
was cotnposed of orphanage subjects troin the seventh in the icnih 
grades, while her remaining racial groups were nil from ilic eighth 
grades of the Clucago Public Schools. Lack of siinilariiv hclwcen 

of environments might easily account for Sanders tn’-s 
score difFerencEs. 

I, (^low publislicdi see rcJcrcncc i9(\) fi( u suuly 

by ^ward has a so been icccatly cxnmincil, In liiii txiunin.uiiui mI 
Jewish and 176 non-Jewish tan- nnj elftven-ycnr*ii\ds nu 
cflnt score diScrences appeared when tlie toiml mnvcinejU ivsi m’JIs 
employed. 
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There arc iiu irilital raiins which approach at all 
closely iM 3, ilic rninimupn accepted by certain statisti- 
cians as necessary lur the indicaiinn of significant tlif- 
fcrciRe“i. 

'I'AHIJ-: 17 
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109 
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2.1 

.6 
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ll>9 

—21.4 

27 

.6 

Tpn$? 
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VS 
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—16.1 

5.4 

1.2 

Time 

im 

1* 5 

J.l 

m 

—167 

2.7 

.3 

fihnhm diKTiSmiRA- 
{\m 
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3 5 

m 

17.9 

23 

O.D 

Piith 

W) 


4.1 

109 

2V+ 

4.1 

0.0 


mi;! 

U7 

2.4 

109 

—11.1 

2.4 

l.S 


\m 

lAXl 

24 
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2.4 

2.9 

Rhjilhiin [maifru 

mm 

17 4 

1.0 
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— J7.S 

2.B 

.1 


Tlic crilical ratio for ihc pitch imagery test might be 
ctinsidcrcd as barely signilicani. As this lest is pri- 
marily an achicvenieiii test, it is the guess of the present 
writer that this (liftcrcucc may be merely a rclkction 
of a tendency for the eightb-grade girl to have had 
slightly more mvisical training than her boy colleague 
has had. Data covering descriptions on the part of the 
subjects concerning their musical training tended to 
verify this, .'^ucli ijucstionnairc values, however, may 
not be reliable or valid. 

The girls in this group cslimalcd themselves as more 
musical than did the boys (D/ft,, of 5.02). This may 
mean that the former are more interested in music or 
that the latter wish it to he thought that they arc the 
less musical, 'I'lu' girls claimed slightly more formal 
musical iraining (D/«„ of 1.85), although they were 
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TAUtE 18 
CoLLHGR Lnvei. 


Teat 

N 

Males 

M 

Sigmn 


Fcmakti 

M 

SiiKma 


Tonal memory 

126 

I9.» 

3.0 

IU2 

IS.f 

1,1 

XI 

Quality 

126 

24.1 

2.1 

lf)2 

22.6 

T6 

4.6 

Intensity 

2J4 

24-2 

L9 

in 

22,9 

XI 

1.J¥ 

Tonal movement 

m 

22.1 

S.S 

101 

-»22.7 

5.2 

.5 

Time 

Rhythm (llacrimina- 

147 

20.7 

1.2 

I«J 

19. f 

X) 

6.7 

tion 

14B 

19.4 

2.1 

10) 


2.1 

1,9 

Pitch discriminalion 22 S 

2 S .6 


129 

2fiJ 

2 

Melodic taste 

J07 

16.0 

2,4 

102 

H.B 

2.7 

xs 

Fitch imagery 

iOH 

16,9 

1.1 

101 

U.J 

1.1 

l.S 

Rhythm imagery 

110 

19.6 

2,5 

JOO 

19,1 

2.9 

X2 


significantly poor on several of these (cs(s. 

The present writer docs not feci that any daiii lie has 
seen are pertinent to the issue of native sex dilTcrences 
in musical capacities and abilities. Even if the K-D 
and Seashore tests are granted to be music tests, the sex- 
differences on these tests are small and differ with the 
several age groups, 


Item Difficulties 

Under certain conditions it is important to kmtw 
Eow various groups of subjects react to the individual 
items of the tests. In other words, do different irrouns 
^gree as to the degree of diflicully of the several iicm^^ 
in the data to be reported in Tabic 19, 200 lifth- 
graders, equally divided as to sex, were separute.l in a 
chMcc AuBing mlo two equal group,, lerme.l A an, I 

related the results were found be; totial otemurv 
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.87±.03; quality, .97±.01; intensity, .94=fc.02; tonal 
movement, .9I±.02; time, .98=t.01 ; rhythm, .93^,02; 
pitch, .79^.04-; melodic taste, .78=t.06; pitch imagery, 
,^2±.10; and rhythm, ,91=t.05. 

An exactly similar procedure was undertaken for the 
eighth grade (Table 20). The corresponding corre- 
lations were: tonal memory, .9S=t.02; quality, .9S=L;.0l ; 
intensity, .95±.01; tonal movement, .91:i:.02; time, 
,77±.06; rhythm, .93=t.02; pitch, .90dz.02; melodic 
taste, .92±.02; pitch imagery, .96±.01 ; and rhythm 
imagery, .7S±.06, 

The college data were similarly treated (I'nblc 21 ) . 
The corresponding correlations were: tonal memory, 
.96±.01; quality, .93±.02 ; intensity, .99=t.0l ; tonal 
movement, .98±.01; time, ,95±.01 ; rhythm, .90db,Ol ; 
pitch, .B6±.03 ; melodic taste, ,9l=b.03 ; pitch imagery, 
.H±.01; and rhythm imagery, .9S:t:.01. 

The means of Groups A and B for the three age 
groups were correlated to learn how consistent the 
errors were. The coefficients arc given in the fol- 
lowing order : fifth Versus eighth, and eighth versus 
adult. The values (in terms of rho) arc: tonal 
memory, .94, .75; quality, ,90, .94; intensity, .87, .93; 
tonal movement, .88, .76; time, .95, .66; rhythm dis- 
crimination, .89, .93; pitch discrimination, .86, .62; 
melodic taste, .07, .64; pitch imagery, .72, .84; and 
rhythm imagery, ,74j .68, 

In summarizing, it can be said that the item errors 
of the JC-D battery are quite consistently made. In 
the main, the various age groups make similar errors. 
Tor these reasons the tests are of use whenever group 
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responses to the various items arc to be studied.'^ 

1 . Atil- Dli rcUENCliS 

A glance at the means given in Section G siiflices to 
demonstrate the fact that the eighth-graders made 
higher scores, on the average, than did the fifth- 
graders. The critical ratios are all significant, al- 
though age differences in the quality and tonal 
movement tests barely exceed the required value of 3 
(i.c., required by certain statisticians). Similarly, the 
differences to be found between the eighth-graders and 
the college subjects are all significant."'’ Pronounced 
age di/Tcrcnces are also reported in studies by Barnard 
(Irt) and by Whitley (46), 

In a previous monograph (7) the present writer has 
discussed Seashore's conception of cognitive and physi- 
ological limits. In that discussion it was stated that 
there is no way of knowing for certain whether the 
age differences are due (1) to a progressively increas- 
ing ability on the part of the subject better to under- 
stand such tests, or (2) to some sort of maturation or 
training process in the capacities in question. A simi- 
lar conclusion must be made for the K-D battery. This 
theoretical consideration, however, does not alter the 
fact that more than one set of norms should be offered. 


'’-It is iiUcrcstiUK to nutc die dose correspondence between dci'rce 
of item dinieulty mid type ul response. In the test.s in wliicli “S'' 
.'ind "D'' arc tbe vcspoii.sc.s-, the "S" 's arc more ^'cncrnlJy die easy 
items .iiid tlic "D" *s, the difficult. 

'‘"For line dilTcrcnccs in reliiibility and item dlfliciilty, sec other 
sections. 
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J. Norms 


The norms offered by Kwahvasser and Dykeina 
(20) were based upon scores earned by 2000 grade- 
and high-school students. Age, grade, sex, and other 
variables were ignored in the construction of percen- 
tiles. That this is not justified was seen in the section 
on age differences. In examining the present writer's 
data it was noted that already at the fifth-grade level 
the mean of the quality scores surpassed the fiftieth 
percentile of the original K-D norms. By the time 
the eighth grade is reached the mean scores of the tests 
of tonal memory, intensity, rhythm discrimination, 
melodic taste, and rhythm imagery have surpassed the 
fiftieth percentiles of the K-D norms. Since all this 
demonstrates quite decisively a need for other norms, 
new ones were constructed and arc given in Tables 22, 
23, and 24.“^ They were based on the scores of ap- 
proximately 188 fifth-graders, 209 eighth-graders, and 
from 207 to 486 adults, 

That the norms are not appreciably different when the 
panatrope is employed is shown in Table 25. The test 
of mefodic taste was the only one in which the first 
rendition on the panatrope gave a significantly higher 
mean (critical ratio over 3) than when the non-ejec- 
tne phonograph was used, (See Table 18. The aver- 

of the two sexes were compared with the data of 
Table 25.) 


norms worthless for coIIopc stu- 

mgn tor two other reasons: first, lie was testinR stijilcnts ciirdllcil 
in 11 music course; and, secandly, tests were given two or three times • 
the highest scores only were preserved ( 41 , 42 h ’ 
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TABLE 25 
Pamatroph Data 


Test 


Toiial memory 
Quality 

'Titub 

Melodic taate 
Tonal movement^ 
PU>ch discnmination 
Rhythm discrimination 
Pitch imagery 
Rhythm imngcry 


Mean 

Sij^ina 

li.7 

2.7 

23.7 

2.5 

^3,7 

2,J 

U,S 

2,9 

16.1S 

2.1 

2L7 

4.fi 

2g.6 

ZC 

19,1 

U 

16.4 

3.2 

1B,7 

2.6 


Aaalyses of the retest means given below indicate 
that in the second rendition (after approximately one 
and one-half months) there were slight but generally 
signicant increases in the majority of the means. These 
increases may be due to errors of selection. The writer 
does not believe this to be true as the subjects of the 
retest were chosen at random from the larger original 
groups. Table 26 is to be compared with Table 18. 
The data thus indicate that norms based on retest 
material will be different from those just presented. 
A similar condition was found to be true with the fifth- 
and eighth-grade resul(;s, although the increases on the 
second renditions were not so marked or so regular 
with the grade-school subjects.*^ 


K. Training 

In a study by Chadwick (4) 67 music majors at 
Colorado State Teachers College were tested on the 
K-D battery. They were also given the American 

*®These data are on file, but have been excluded to save sjiiicc. 
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TABLE 26 
RtTRSTs OF Adults 


'I'caC 

Mean 


N 

Tunal meinciry 

19.E 

3.1 

78 

Uiinliiy 

25,1 

2.3 

n 

liilcnsiiy 

2\A 

1.5 

77 

'rrinnl iiiijvciitcrti 

2*1.5 

‘1.2 

7+ 

Time 

2(L» 

2,9 

73 


19 A 

2.0 

73 

Pilch dinerlmlnalion 

29.3 

3.0 

n 

Mcluiiie Instie 

Ifi.O 

2.1 

m 

Pilch irnriKcry 

17.2 

2J 

104 

Rhythm imnRcry 

19.2 

2.0 

104 


Council Psychological Examination. The duration of 
the subject's musical training was tabulated in terms 
of years. The major clToit was to predict grades in 
sight-singing. In the table below are given the cor- 
relations which were found to exist between the music 
tests and years of training. 


TABLE 27 

K-D HArriiHY vs, Thai ni no 



Tminin^ 

Tuiml incmiiry 

.26:!zM 

Qua lily 

.10±M 

trKcrmiy 

.14±,0B 

'I’onnl movement 

.2G'±M 

'J'JlIlC 


Uliyihni tli^criiiiirinlion 

M7-JzM 

Pilch diiicriiniunlion 

.20±.08 

Melodic tn»lc 

.12i:.0fl 

Pilch imagery 

.33zt.07 

Rhythm hnaiicry 

.25±.0fl 

ToLnl scare 

.■I2±.07 


Few of the values are near .40. TJic two imagery 
tests arc, obviously, measures of achievement (to a 
great extent), and, therefore, might be expected to 
give higher correlations than the average. As has 
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been pointed out previously by a number of workers, 
a high correlation between the amount of training 
people have had and their scores on a capacity test 
does not yield definite information. Training may 
have improved the capacity in question. On the other 
hand, the highly endowed may receive more training 
than the less gifted. 

In a study by Barnard (1), grade-school children 
who had had no music lessons, either class or individ- 
ual, scored lower on the K.-D battery than did those 
who had had training, 

L. Validity 

Chadwick (4), by employing path coefficients, de- 
veloped the following regression equations: equals 

.03Z — .OIX + .OIX — 3.45 . . . where is the 
sight-singing grade to be predicted, is the total score 
on the K-D battery; X , the training in years; and X , 
the score on a certain intelligence test. Where an A 
grade in sight-singing is S.OO; a B, 4.00; a C, 3.00; a D, 
2.00; and an F, 1.00; the sigma estimate is .635. This 
means that the predicted grade has 2 chances in 3 of 
being within about two- thirds of a letter grade of the 
mark which the student will attain. In discussing the 
prediction of sight-singing grades, Chadwick has said ; 
"When the joint influences are apportioned according 
to the ratio of the direct influences, aptitude accounts 
fo; about eighteen per cent, intelligence for about six 
per cent, and training depresses the influences about 
two per cent, leaving a residue of influence approxi- 
mating 77 per cent.’' 
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In this work the reliabilities of the tests were not 
ascertained. Althou^jh the "residue of influence" is 
enormous, an interesting and perhaps worth-while 
start has been made toward the establishment of a 
critical level. Newly entering students who score be- 
low this value can perhaps be safely dissuaded from 
work in music''" unless their interest is very great and 
there is plenty of time and money at their disposal. As 
a rule the practical interests of the music school must 
also be considered. 


TABLE 23 

K-D BATTliRV vs. CiRAUtiS IN SlCHT-SlNOlNG 


Tchi 

SiKlil-sinRiHR 

'ronni iiiciiuiry 

.37 ±.07 

Qiiwfuy 

,i9±.0B 

IjiicrinUy 

.2Bi,07 

'J'niul niovemnni 

.3i±.or 

Time 

.O2dr.08 

Hbyilim dhprimhiniion 

M±.0S 

l^iich ilijicrijji inn lion 

.01 ±.08 

MclniUe inaie 

.23±:.O0 

MhcIi imagery 

.SZdz.OS 

Kliyllim imnKcry 

.3-1 ±.07 

Toul Mccirc 

,+l±.07 

Tilson C+li+Z) has also studied the possible relation- 

ships between the K-D scores 

and quarter grades in 

TABLE 29 

K-D 11/vrrriRY vs. Grades in Ear-Tuaining and Sight-Singing 

Tcm 

r IM?. 

Tonal memory 


Qmiliiy 

.2J ±,07 

liilcnaily 

^,17±.07 

Tonal luuvimiciit 

.Z5±.07 

Time 

— .03±.O7 

Kfiyiiun tliHriiminiiifoii 

.19±.07 

l*iicli diticriin'maiinn 

— .1Z±.07 

Mclnillc inBiR 

.15±.07 

PiicJi ImnRcry 

J9±.07 


. 39±.06 


““Not foviml ns yet. 
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ear-training and sight-singing. His values are pre- 
sented in Table 29. 

Neil (29), in a master’s thesis, demonstrates that 
there is little or no relationship (r’s between .40 and 
—.36 which average slightly positive) existing between 
the K-D intensity, time, and rhythm tests and a weight 
discrimination test of his own construction. A con- 
siderable number of high-school and college students 
served as sub]ects. 

In another master’s thesis can be found the report 
of Test (40) on 175 music students of Syracuse Uni- 
versity. She found that the K-D battery correlated 
,37 vrith grades from courses in which skill in musical 
performance was stressed; in the same connection, the 
Thurstone (psychological) test correlated .17. The 
K-D and intelligence tests combined correlated .48 
with ‘'All Fine Art” grades. 

Drake (5) obtained teachers’ ratings of students en- 
rolled in several academies of music in England. 
Pitch imagery correlated ,81±.05 with the ratings; 
Intensity, ,44±.l3; and tonal memory, .34±.10 (re- 
duced to .20±,10 when age and training were partialed 
out). 

One might expect that a group of students who are 
enrolled in a college course in music would score con- 
siderably higher on the K-D tests than did the Stanford 
subjects in the psychology classes. A measure the 
writer has of this point comes from a test made on San 
lUateo (California) Junior College students who were 
taking a course in college music, As can be seen by 
comparing Table 30 with Table 18 there were a few 
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significiiiit differences. The Stanford group might per- 
haps be considered as just significantly better in the 
tests of pitch discrimination, melodic taste, and tonal 
memory, The San Mateo subjects did slightly better 
{signicant critical ratio) in rhythm imagery. The 
results are somewhat surprising. They may indicate: 

(1) that the tests, in a strict sense, are not music tests; 

(2) that there was poorer motivation at San Mateo; 

(3) that the Stanford subjects are more musical than 
the writer had previously supposed. As far as the 
writer can see, there is no possibility of giving a definite 
answer at present. 


TABLE 30 
San Mateo Data 


Test 

N 

Menu 

Slf^ma 

TfinnI memory 

17 

IB.O 

2.5 

Qiinliiy 

fi7 

23.4 

2.4 

liilciinUy 

fi7 

23. S 

27 

'ronni inovemeiu 

66 

21. 9 

4.6 

'rime 

n 

20.1 

2.1 

KliyHim dificrlminntiQn 

72 

19.2 

l.H 

McloJic inslc 

50 

i3.S 

2.fl 

PUl'Ii liincrlminneioii 

SO 

27,0 

2.B 

rilcli iningery 

fi9 

U.O 

2.1 

KUyil\(U imaKcry 

69 

2Q.3 

2.0 


M. Critical Resumij 

This study clearly indicates that the Kwalwasser- 
Dykema battery is quite inferior psychologically to the 
older Seasliorc tests. The former tests do offer a few 
advantages. They arc shorter and less tiresome. The 
stimuli arc more musical and so, perhaps, more pleas- 
ing to musical groups. As the items are announced 
by number, the testing procedure is made more fool- 
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proof, The tests are recorded on small records and 
can be carried in neat cases. Certain of these im- 
provements, however, have been made at the expense 
of reliability. 

Several of the writer's ablest subjects (with 
best auditory limens) have claimed that the pitch test 
is very inaccurate, Tilson makes a similar statement 
in his report (41, 42) . However, no definite study has 
so far been reported on the physical exactness with 
which the stimuli are given. 

Insufficient data are at hand relative to the matter 
of validity. It is apparent that the K-D and Seashore 
tests arc not measuring to any large extent the same 
behavior variables. And as to reliability, one can 
clearly see they (K-D) are decidedly inferior to those 
constructed by Seashore. These newer tests should 
probably be employed solely in studies of group differ- 
ences, 



APPENDIX 


A DEVICE FOR PUNCHING IJLANK PLAYER-PIANO 

ROLLS"’ 

Rdv C. Langford 
Kftnstis State College 

Witlim tlic last ftw year?? plnycr pianos liiivc been rccoRm’zcJ as 
presen tinf^ an opportunity Inr mcarcli [n tlic psycliolof^ ol music. 
The use nf these iiiBtrumcnts iii [nvesiip;ation lias been severely 
restricted, however, by the great labor and inaccuracy of punching 
blank rolls by hamh The instrument herein described considerably 
reduces the labor and increases the accuracy of tllis task, The 
accompanying plate indicates in diagram the essentials of the appa' 
rnius. 

'Flic player roll to be punched is put in jdaco at 7, The paper is 
led from there between the roller G and the rubber roller ii, The 
latter is held ngaiiiKt C by means of a spring which is not shown in 
the draudng. From tlie^e rollers tlie paper is passed under plate 
// and above the platform F. The tab at the forward end of the 
roll of paper is attached U) tlic peg L in the roller A. Tlie paper 
is kept under tension by the weight N iiitaclicd to a string which is 
wound around the spool M fastened on the axle of the roller K. 
The paper is prevented from rolling forward by means of the rachet 
IL The operator causes the paper to move by turning the knob Oj 
much as one moves the paper in the carriage of a typewriter. The 
rachet is so made that the portion of the paper can be changed as 
little as approximately one-sixteenth inch if desired, 

The heavy line labeled D indicates a row of holes which arc 
spaced exactly ns arc tlic liolcs in the tracker board oi a plnycr piano, 
These holes arc round and have a diameter ciiual to that of the width 
□f the holes in the tracker board. They extend through the plate 
II and through aruJtlicr steel plate in the platform F directly under 
plate //. The paper passes between tlicsc plates and the holes are 
punched in it by means ul a hand punch puslicd down from above. 

'^'rinii macliioc wn;* iluHiaocil by ib« wriicr of \\\h nppi^iuliK and luiilt by 
Mr, F. 1), Ilnulum, lUe ^innford Universjiy mcchnnieinn, for ihu iiulliar of 
die nionoarnpli. 


[ 85 ] 
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Diagrams of a Device for Punching Blank Plavbb- 
PiANo Rolls 

Upper: Plan view of the nppnratua 
Lower: Side view of the apparatus 

Description in text. 
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TlnV puncli (xvliidi rs nnt shown in the drawings) is made from 
round sled of the same diameter na the holes in the plates and \s 
provided with n wntiden handle. It is st)iiatc aeross the cutting- 
end and makes a clcan-cut perforatinn, A strip of paper is glued 
on plate // adjacent to the row ol holes showing the notes repre- 
sented by tlic respective holes. 

Hy use of the appropriate liolcg at the ends of the row tlic operator 
can puncii the paper so as to rcKiilnt-c the intensity at wlucii the 
music is to he played. J Is a crank iDr rewinding the roll after It 
has been punclicd. 
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Etudes dans la psychologie du rov ET de la musique 

(R^aumd) 

Ce mnnagraphe comprend une adrie d'lirticlea relntlvcment aana rapport 
lea uiia aux autrc^ aur la psycholDglc dki ton et de lo muaiciue. 

Dana le chapUre I oft montre qii'une pfiia grande connnlasnncc dc la 
mu&ique est aasoci^e d uiie plus grande tendance A c(aBin‘dcr lea dldrncntii tiu 
tan cDinme '‘bona” plutfit que camme "mauvola'^ 

Dans le chapitre sulyant on diaciitc les rappoilj entre Ic lalcnt muajeal 
eC la gauctierie, Les rdauhats des qiieatlonnairca ne aoulicnncnt pan |c9 
pr^tentiana ant^neurea que la gaucherie fit ic talent musical ant dca mp' 
perts positifs. Cependant, lea Indlvidiia ambidexlrea ont iin nyantage cn 
ae dirigeant yera leiira buta techniques dona la musique, 

Selon les abaerYationa rapport^es dans le chapkre suivnnt il y a un faclcur 
aacial embarraasant qui up^re quand on compare ie jaz2 ct la, itiualque 
^acGept£e^ Ce dernier type de musique est probablcmcnt £yd1u£ le plus 
justement. 

Dans le quatrieme chapitre on reprache lea paydiologuca A cause cie Icur 
traJtement du bruit et de la disaonunce, Cea pheiiom^fiea iic :^c>nt pa^ 
d^sagjeablea, Ils oJfrent non aelllemcnt d-es conlrnstea avec In uiUSiqUc con- 
sonanle maia, meme sans Poide de ceilc'd, ils caiiacnt fr^quemment le piaisir. 

Dans le chapitre 5 on disciite dea quesiionnaii es et dea donn^ca exp^ri* 
mentalea aur lea rythmea crols^a. On prAaente une nauvellc midthode Gcatalt 
d^acqn^rir les rythmea croiada. 

Dans le chapitre 6 II a'aglt de Tempioi des m^iKodcs rnoderncH pour 
exprimer les preferences en termes d'unitfs sigma, On donne dea ordres dc 
rang de pri^ference pour dcs ^'dladca" chromatiquea et dcs IntcrvnlleB J'un 
quart de ton prdsentda almultan^ment et auccesaiYement. On nppulc aurtout 
s\ir le t^auUat que U& prHAreivCca pout cettalna quQrU lU ton qul n*ap- 
paraisaent pas dans lo. gamme chromatique aont plus grandca que pour 
d'autrea qui aont 'miiaicalement' employes. 

Le chapitre 7 pr^aente deacripUona dea moyena dont un paychologue peut 
ae aeryir d'un piano mficanlque. On rapporu dans un appendice un upparcii 
pour faire des trous dana ies rouleaux pour piano mfcaniqiie, 

Dana le chapitre B on montre que la nouvelle formulation de In ioi LIpps 
Meyer par lea auteura n'eat bonne que pour le temperament dgal. 

On pr^sente ensaite d’autrea Atudea dca batteries de testa dc muaique dc 
Seaahnre et lea plua yleillea batteries de Kwtilvyaaaer. Lea inodificaliona 
Gqw deg tests de Seashore de 'Sens de temps' et dc 'Memoire tonale' ac 
montrent meilleurea que ceux-cL Puisque lea percentiles dc I’aulcur pour 
Ie teat de Seashore de 'Sena de rythme' et lea 35573 teats de Kwalwngscr 
Victor different bcflucoup de ceu» dojui^s par lea auteurs dc ccs testa, on lea 
pr^gente icL 

Le dernier chapitre enndent une ^(ude ddfnill^fi dca leatg de muaique. dc 
Kwalwiaaer'Dykema. On prfaente des donn^cs aur Ics cob6renceaj les 
intercorrEiationa, lea rapports aux teats 'd'intelligencc' ct lea testa dc Seashore, 
lea diffiiences de aexe ct d'age, lea difTicuUAa dca points, etc. 


Farnawortu 
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UNTILRSUCHUNGEN IN HER PSVCJIOLOGIE HES TONS UND HER 

MUMK 

(Rcfcrat) 

DicHC Monographic uinfadHl cine Scrle rdniiv iinvcrwumltcr Anikei iiber 
die pHycliolugic tUn Tons nrtd tier Muflik. 

Irn cruicii Knpilcl wird bevvicsen, dass ^tunchmende JlckannNieh im 
Ecrcjcli dcr MuBik ink cincr ^iiiichmend^ii Ndgujig ci nJi erg eh tj Tonelcmentc 
clicr dlH ‘'gnr wle Mb "atlilccUr’ zu kUfl«jflziercn. 

Irn niich Ji I cn KapiicI wlnl die Uezidiung zwkclifji rnuiylkalrschcm Tiilcnt 
und Linkflhandigkclt hcH(iroclicn, Frijhcrc IlchaupUingcn im Siniic einer 
poffifjvcii IJcziehung zwigchcn LrnksfjAn^iigkck unci rmrBtkaliiiclicm Tnlcnl 
wcrdcu durch Ecliindc, dje mil Fragcljogen erzidt warden, niclit iintcrskiui. 
Glciclic GcBchicklicjikcic ijcjdqr Pldtidc [nmbidcxlcrity], aber, ntcllt fiit die, 
die aic hcBiizcn, in ihrcni Sirdicn iiach icchnischcn Ziden in dcr Muaik cincn 
Varied dor. 

Nadi llcobnduungcn, die in dem niidiaLcn Kapild noiicrt werden, gilit ca 
Bids iiBi ilcin Vcrglcidi zwiBcficii dem “Jnz/" und der ^'Dncrkannicn'^ Muaik 
cine verwirrcnde Einvvirkung. Die Iciztcrc Art wird walirachcinlich 
gcrediler bcurldlti nla die erotcrc. 

Im vicrlGii Knpilcl werden die Paydiologcn wegen iUrcr IJehnndlung ilcr 
LSrm- und DiBaonnnzfrtigcn gctadclt. Lrlrm niid Dissonanz Bind a/t jlcft 
niclit unangeneb/n. Sic Lereiien niclit nur dcr konsonamcn Mtiailc eiiien 
KoiurriHi, sondetn crzciigcn oft andi nliric deren llillc Gcfnllcn. 

Jm idjillcji Kapilej bcapricht ilcj* Vcrlaascr mil Friigcbogcji imd Vcrandifin 
crballcnc Uefunde uber kunlrnBlicreiidc Itbylluncn [cross rbyihnis], 
wird cine ncuc Gcsmilmclliodc zur llcjncialcning der konlriislicrenden 
Rliyiliineii dargclioicn. 

Knpircl 6 bc^rcirt bjcIi quI die Vcnvcndufig der modernen Mctliorlen zur 
Nmierung von Hcvorziigungcn [cxpresiiing preferences] niiUcla Sigmnein- 
heiicrt [sigma uniis], Es werden Jicvor/Jigungarangordnungcn [rank orders 
of preference] in liczqg niif Biiniilun und mifcinniidcrfolgend dargcbolenc 
Hciziingen mil cliromniischcn Dindun [dyads] und VicrtcJionintcrvflllcn 
noiicrt. Eb wird bcHondcrs dcr Uefund bctoni, dass die Bevorzngung 
gcwisHcr Vicrlclldnc, die in dcr ebromntiseben Toniciicr nictit vorkornrnenj 
marker isl, qIr die Rcvorziigung andcror Tbne, die musikaliBcli vcnvcncict 
werden, 

Kapilci 7 cnlliiilt llcachrcibiingcn dcr vcmcliledcncn Wclscn, auf die cin 
meehnnisclica Klavier [player prniio] von cincm Paycliolog vervvciidet werden 
knnn. In clncm Auhnng wird cin Verfabren zur Dnrchliklicriing von 
Trornmclwirbcln fur dna mcchaiiiacbc Klnvicr [punching player piano rolls] 
nolJcrtv 

Im aclilcn Knpilcl wird dcinonairicrl, dnsa dca Vcrfnaacra Neiiformiilierung 
dcjj LippS'M eycr 'sell eii Gr^rJzej nur Hir (J/jb iVDblicmpcrjejte Inslrument 
gidlig Iflt [bnUU only for eijiinl icinperniiicnl], 

Daiin Werden iveiierc Un lermiclniiigcn tier Tesla ericii von Sea. di ore und 
(in dcr alicren Form) vnn Kwalwaaiier zur Prilfimg dcr muaikniiachen 
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HISTORICAL PRESENTATION 
A. Nutritional Relationships 

The relation of behavior to nutrition constitutes a 
problem which has long interested Investigators. Its 
various phases have been the subject of many types of 
experimentation, and a considerable body of knowl- 
edge has been accumulated, particularly associated 
around what from the viewpoint of the psychologist 
may be called the grosser manifestations. 

Growth is known to be altered by the state of nutri- 
tion. Growth of different body tissues is known to be 
diflferently aifected, in the period of fastest growth the 
skeleton being particularly favored at the expense of 
the muscles especially, but of other parts also, This 
has been noted by Waters (145) on calves, by Aron (4) 
on dogs, by Jackson and Stewart (75) on rats, and by 
Hess (49, 50) on malnourished infants. 

Perhaps to the psychologist the more important 
point here is the permanent impairment either in size 
or in differential structure caused by interference in 
grovvtji. Osborne and Mendel (123, 124) conclude 
that satisfactory adult weight may be attained by re- 
alimentation after even excessive periods of growth 
suppression produced either by quantitative reduction 
of diet nr by a large variety of qualitatively faulty 
diets. Plowevcr, the data of Aron and the exhaustive 
studies of Jackson and Stewart directly oppose the re- 

199] 



IDO 


EHNOR LOE DBBBE 


suits of Oiborne and Mendel. Jackson and Stewart, 
after study of over three hundred rats from 46 litters 
for approximately a three-year period, report; "In no 
case in which the underfeeding from birth wns pro- 
longed beyond three weeks did the test rats upon ample 
refeeding reach the maximum weight of the normal 
controls in the same litter.” From underfeeding in a 
second group, begun after the first three weeks and 
extended over longer periods, the authors stale; "In 
not a single case did the maximum weight upon refeed- 
ing reach that of normal controls in the same litter.” 

Boas (18), in analyzing growth studies of children, 
comes to a conclusion also opposing that of Osborne 
and Mendel; ”. . , excessive retardation is an unfavor- 
able element in the growth and development of the 
individual,” 

Physiological age and functional development of the 
organs concerned in reproduction have been shown to 
be markedly affected by the nutritional state, Aron's 
dogs, though of the age of maturity, still had the bark 
of young puppies and the muscular tissue exhibited 
qualities of the young rather than of the mature animal. 
Eclcles (28, 29) for calves, and Crampton (24, 25), 
Baldwin (5-8), and others working with children 
show a positive relation between size and the chrono- 
logical age at which sexual maturity takes place. 

Muscular strength has been believed to be positively 
associated with nutrition on the basis of results svich as 
those of Smedley (HO), using records of tlie ergo- 
graph. The work of Smedley, and also more recently 
of Hollingworth and Taylor (65), supports the same 
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conclusion as to strength of grip measured by the dy- 
namometer. Such factors as motivation are recog- 
nized as having variable influence here. 

For a time the relation of mental ability to nutrition 
held considerable interest for psychologists. The 
height-weight-age index and various tests of muscular 
strength were most frequently used as a measure of 
nutrition, and grade in school, teachers' estimates, and, 
later, intelligence tests as a measure of mental ability. 
Johnson's (76) study of mental growth of children in 
relation to rate of growth in bodily development is 
cited as one of the more extensive investigations in this 
field. Her conclusion that "mental age of a group of 
the same chronological age does not show a significant 
relationship to weight and height" is illustrative of 
results generally obtained. The emphasis placed by 
Baldwin (9) and others upon the influence of physio- 
logical maturity as conditioning intellectual achieve- 
ment was apparently an outgrowth from such investi- 
gations. 

Gates (42, 43) essayed a rounding-up of this whole 
question. He gives a summary of the pertinent studies, 
a chronological table of the representative work deal- 
ing with relation of physical and mental traits, and a 
selected bibliography to 1924. He concludes that the 
physical measurements are valuable, but that mere 
physical status or maturity, however adequately meas- 
ured, apparently docs by no means gauge mental, edu- 
cational, social, or emotional maturity satisfactorily, 

Hollingwortli and associates (64, 6S, 120), with 
pairing and a wide differentiation in intelligence of the 
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groups studied, found children who test over 13S IQ 
(Stanford'Binet) superior in scholastic achievement, 
in size, strength, and speed, Interest along this line 
has diminished, perhaps due to the widely conflicting 
results, the unsatisfactory measures, and the recognition 
of the presence of a large number ot variable iactors 
difficult of control. Roberts (130) has supplied a 
careful critical analysis of the field and with it a se- 
lected bibliography. Paterson (126) has brought out 
an extended treatment of the various questions involved 
in relationship of physique and intellect, covering nil 
available quantitative studies during the past 40 years. 
He concludes that “prevalent notions regarding an 
intimate relation between bodily traits and mental 
development have been greatly exaggerated," How- 
ever, Paterson (47) makes the statement: "The pos- 
sibility that a closer connection between physical 
development and mental development may be dis- 
covered during the preschool period of childhood must 
constantly be borne in mind." He urges application 
of all lines of such investigation to research with infants 
and young children. With the evidence of this field 
thus so carefully reviewed in successive epochal sum- 
maries, no further detailed presentation is attempted 
here. 

Behavior admittedly has many aspects so closely 
interacting as to be extremely difficult to separate and 
to control. Nutrition also has been proved to take in 
many delicately balanced chemical ratios and many 
associated governing influences not easily amenable to 
conditions necessary for a. relUbLc atudy. ib Utge uv,tvi~ 
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bcr of subtly contributing variable factors are therefore 
obviously concerned in the total solution of the prob- 
lern of this relationship between behavior and nutrition, 
and it has been necessary for the investigation 
of tlie several parts of the pattern to wait upon the 
successive accretions of knowledge and the develop- 
ment of applicable techniques not only in the field of 
psychology but also in biochemistry and physiology. 
Biochemistry, through its consistent employment of 
adequate control in the biological method, has made 
outstanding contribution to the progress of science. 
Knowledge of nutrition has been advanced with great 
rapidity and along lines of fine differentiation, such 
as are called for in the problem now under discussion. 
Physiology too has made contributions which have 
bearing upon the chemistry of glandular and muscular 
functioning and other phases of this question. Psy- 
chology, although as stated above formerly evincing 
great interest in correlation of intelligence with various 
physical manifestations, has been slow to make use of 
these facts more recently brought forward with regard 
to nutrition and its implications for the reaction of the 
organism. There are legitimate reasons for this delay. 
The control of the nutritional condition of human re- 
actors offers great practical difficulty, In animal ex- 
perimentation the repetition of significant work in 
nutrition with testing of its psychological implications 
oKcrs more liopcful possibilities, but for accurate re- 
sults probably necessitates considerable extension and 
modification of laboratory facilities. In addition, 
the (Icsirabjlity of JiistoJogical, chemical, neurological, 
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and anatomical confirmation of data on the experimen- 
tal animals places a considerable burden of organiza- 
fioa-uppn such experimentation. Finally, the selection 
and refinement of psychological tests adapted to bring 
out any existent relationship is in itself a major task. 
Though many gaps still exist with regard both to de- 
sirable information and needed methods of approach, 
yet seemingly sufficient data of a highly significant 
character are now at hand to justify specific experimen- 
tation pointed toward investigation of the relation 
between nutrition and behavior in its various phases. 

With the recent introduction by Dr. Knight Dunlap 
(26, 27) of a somewhat revolutionary hypothesis con- 
cerning brain function and his emphasis upon the de- 
termining power of the periphery with regard to 
individual differences in capacity, we have moreover 
from the psychological field a fruitful working hypoth* 
esU which leads sooner or later into the problem of 
the chemical variations of peripheral tissues and of 
body fluids. The main principles supporting the 
Dunlap (27) hypothesis are summarized in the suc- 
ceeding paragraphs, 

"The brain is an integrating organ, and wc know of 
no other function which it has.*’ On the other hand, 
"discriminatory perception depends primarily upon 
the building of a difference in muscular response. 
. . . Perception is a matter of habit formation," 

With all statements carefully guarded against pos- 
sibilities inherent in pathological conditions, and with 
due credit to the mutual interplay between forces of 
hereditary tendency and of environmental influence 
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with regard to variations in mental characteristics and 
capabilities, the claim is made that, as regards the 
brain, the actual differences in normal individuals are 
due to differences in training alone. "The training of 
the individual is therefore primarily the training of his 
brain," and "the brain is the trainable organ par excel- 
lence.^' 

"The training processes originate in the environment, 
acting through the mechanisms of receptors, glands of 
inner secretion and muscles." The emphasis here 
placed upon skeletal muscle is highly significant as in 
the statements J 

"The bruin is nn essentially plastic organ, especially in 
infancy and early youth, capable of meeting any demnnds 
which tlic receptors, the muscles and the glands, arc able 

to make upon it systematically The variations occur 

in the capacity of the pcriplicral mechanism to administer 

the training The muscles are not merely immediate 

agents in adaptation to environment; they furnisli a con- 
tinuous component in the stimuhis pattern, and hence a. 
constant (actor in training .... As for the differences in the 
chemistry of different individuals, and in the function of 
such peripheral mccliimisms as the muscic plate in its relation 
to the muscles, wlicrc slight variations would be capable of 
producing large results, we have not even scratched the sur- 
face of the problems. The investigation of these peripheral 
factors I believe to constitute the most pressing problems 
of psychology." 

Much data from different fields must be accumulated 
to constitute conclusive proof or disproof of the prin- 
ciples outlined. The Dunlap hypothesis, however, at 
this time serves a highly important purpose in directing 
effort away from abstruse constructions and into objec- 
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tively fruitful investigations. It is worth while to 
examine the literature with a view to bringing together 
data bearing upon the influence of chemical variations 
upon the reactivity of peripheral tissues, particularly 
muscular tissue. 

Several psychological researches have been brought 
forth which show recognition of the necessity for ex- 
ploration and mapping-out of the range of presumed 
relationships between nutrition and behavior. These 
use animal experimentation and hinge on learning 
ability. 

Anderson and Smith (2) in 1926 made a notable 
beginning with a study of the effect of stunting upon 
maze learning in the white rat. They expressed the 
opinion, at that time that "not only should much of the 
fundamental classical research be repeated in the light 
of this newer knowledge (of nutrition) but that many 
problems not primarily nutritional in character can be 
attacked, using the improved feeding methods now 
available.” These authors reasoned that "if metab- 
olism, reproduction and growth are so profoundly 
affected by inadequate nutrition, might it not be ex- 
pected that the physiological processes concerned with 
learning, memory and habit formation would also be 
altered by such conditions?” To test this idea, they 
paired three groups of female rats on the basis of maze 
records, giving optimum, "qualitatively stunting,” and 
"quantitatively stunting” diets. 

On the criterion of time, the results from relearning 
show that, although the three groups made very siiuilac 
performances on the first learning (prior to stunting), 
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after 28 clays' Stunting both "qualitatively” and "quan- 
titatively” stunted groups Avcre much faster than nor- 
mal control rats in running the maze. Following a 
second period in which all groups were given the same 
diet, more nearly the same records are shown again. 
The investigators conclude from these results that 
stunted rats arc superior in relearning a maze to rats 
that grow normally. 

The investigation gives a method of attack highly 
significant for psychologists. Its authors advance the 
possibility that stunting produces increased drive and 
makes the animals more active and alert in the maze 
and that realimentation may lessen and equalize the 
drive, TJicy state that quantitatively stunted animals 
run very much more rapidly per unit of time than do 
either the qualitatively stunted or the normal rats. It 
is therefore possible that this experiment does not 
clearly differentiate learning capacity. Perhaps one 
conclusive statement can be made on the basis of this 
evidence, namely, that gliadin stunting at the stage of 
life at which liere introduced produces no harmful 
effect upon learning ability. 

Upon this beginning the same authors (.3) have built 
a further significant investigation hinging upon the 
motivation and the age factor. With regard to errors 
made in running a maze, the statement is made: “Since 
more errors arc made in less time, this finding would 
indicate that stunted rats run more rapidly than do 
normal rats and would fall in line with the findings as 
to increased activity and support a motivation hypoth- 
etris.” 
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Realimentation eliminates the majority of differ- 
ences in performance except in maze running, where 
superiority of the normal group in time and errors 
may perhaps be ascribed to the error habit of stunted 
rats as shown in earlier trials. The interesting ob- 
servation is made that, in general, in performance 
stunted animals appear to be "nearer normal animals 
of their own weight, than animals of their own age but 
of normal weight." 

Frank (36) uses a rachitic group, an equalized quan- 
titatively stunted group, and an optimum-diet group 
for study of maze-learning ability, Immediate and 
delayed effects of rickets are tested beginning at an age 
of 30 to 3S days. She reports: "Rats with active 
rickets learned the maze in fewer trials than normal 
rats, and with fewer errors, but they consumed more 
time in learning," an increase out of proportion to 
rachitic motor involvement, The shorter time and 
increased errors of quantitatively stunted animals agree 
with the findings of Anderson and Smith. A similar 
agreement is present in the disappearance of differ- 
ences in maze learning after realimcntatioii of the 
stunted groups and in the superiority of normal rats in 
relearning a maze. 

Frank concludes that: "If differences in learning 
ability do exist in normal, rachitic and underweight 
animals, the usual maze technique is inadequate for 
their demonstration." 

With regard to stunting, McCollum and Simmonds 
(107) make the statement: 
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^'It Is true that rats which are stunted by means oi pro- 
tein starvation retain for long periods their capacity to 
resume growth. The lonii of the grown animal is closely 
similar to that of rats whose growtli to adult size has been 
uninterrupted. McCollum and Sfinmonds (unpublished 
data) have found, however, that rats kept upon diets, the 
inorganic content of which was unsatisfactory, develop ab- 
normal frames and become deformed. Any nutritive 
regimen which will indvicc rickets will markedly interfere 
witJi subsequent growth, 

"Animals whose growth lias been suspended by depriving 
them of either vitamin A or H arc able to resume growth 
upon the inclusion of the missing substance in the diet. It 
is impossible, however, to carry animals on such diets for 
long periods." 

McCollum and Simmonds (107) have also made 
significant statements as to qualitative changes in the 
protein of the diet. 

"A large group of rats were restricted to diets which were 
faulty in diHercnt degrees with respect to the quality of 
their protein. The experiments included the period of 
growth, and of adult life, at least to the point of devclop’ 
ment of senile characters. Fertility and success in the nurs- 
ing of young, the stability or instability of the nervous 
system as shown by indifference to being handled, which is 
characteristic of wcll-nnurishcd rats, or the apprcliensivc- 
ncss and timidity of many in al nourished ones, were carefully 
observed. Successive generations of the families, where 
young were reared, were maintained on the family diet. 

The deviation of the quality of the protein moiety of the 
diet even in slight degrees from the optimum, exerted a 
profound influence on the life history of the animals and 
on tlic functioning of the ncivniis system." 

They further state that the faults of a diet need not 
be greatly pionouiiccd to produce physical dctcriora- 
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tion when such a regimen is adhered to over any con- 
siderable period. 

Just recently, Maurer and Tsai (100) in a. well- 
controlled investigation secured results of arresting 
implication from, a study of the effects of early vitamin 
B depletion upon maze- learning ability of adult white 
rats. Depletion in the antineuritic vitamin is pecu- 
liarly important for research bearing upon learning 
ability, though perhaps not wholly for the reason 
stated by the authors that "it has been universally ac- 
cepted that learning ability is primarily a function of 
the nervous system." Suckling rats were drastically 
depleted of vitamin D through the mother's diet until 
weaned. After weaning, the depleted group was 
brought up to approximately the weight of tlie control 
group reared on an optimum diet throughout, and, foe 
28 days previous to the maze learning, experimental 
and control groups were given the same complete diet. 
Food was always in the cages, thus eliminating extreme 
hunger. Nevertheless, the authors report both groups 
as eager for the incentive wheat germ. This careful 
control of motivation by Maurer and Tsai is of out- 
standing importance for all investigation of behavior 
changes in groups differentiated on a basis of nutrition. 
.Otherwise, the nature of the nutritional change may in 
itself cause an accompanying change in motivation and 
thus introduce a potent source of error, as pointed out 
previously. The results obtained from the depleted 
and the normal groups justify the investigators' state- 
ment that "with all criteria of measurement (trial, 
error, retracing, time) normal rats exhibit far better 
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average and median scores in maze learning than those 
which have been depleted in vitamin B through the 
mothers' diet during the nursing period. Normal rats 
arc about twice as elKcient as depleted animals." Pair- 
ing of records of animals in litters having the same 
parents and pairing of records by weight show the same 
results as mentioned above, 

The authors state that a neurological and a chemical 
research on these groups are also in progress, which 
results will be correlated with the findings already pub- 
lished. They are deserving of much commendation, 
not only for careful control of a number of variable 
factors, but for this effort to include a report on the 
neurological and chemical changes to the end that as 
much information as possible shall be gleaned from the 
experiment, 

A study by Fritz (40) of maze performance of the 
young adult rat includes a vitamin B deficiency in one 
group, but obscures its effects by inclusion also of com- 
plex mineral changes (iron, iodine, chlorine). 

Some further examination of the facts associated 
with vitamin B deficiency as brought out by former 
experimenters is necessary for fuller interpretation of 
this recent work, even though results of earlier work 
may be somewhat clouded by lack of knowledge of the 
vitamin B complex and of the associated vitamin G. 
However, on this point McCollum (107) states that "it 
has been demonstrated that a deficiency of this sub- 
stance (vitamin B) causes a degeneration of certain 
peripheral nerves with paralysis and atrophy of the 
corresponding muscles." In beri-beri, a deficiency 
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disease associated with lack of vitamin B, nerves of 
motion and of sensation are both markedly affected. 
McCarrison's (103) work shows the loss of the co- 
ordinating power of the muscles as the most striking 
manifestation of the polyneuritis produced by tins de- 
ficiency. Polynenritic birds, however, show rapid 
recovery from nervous symptoms when complete diet 
is supplied. The severe vitamin B depiction of suck- 
ling rats in which the nervous system is incompletely 
developed may be expected to have produced marked 
inhibition of the development or even degeneration of 
peripheral nerve tissues. Such extensive Injury dviring 
the developmental stage must presumably preclude 
complete regeneration, thus permanently impairing the 
connections of both afferent and efferent routes. The 
Maurer-Tsai experiment may therefore have partially 
accomplished for the periphery, as regards both soma- 
tic receptors and effectors, what the Franz (37) isola- 
tion of the occipital cortex accomplished for the retina. 
Some further qualitative description of the depicted 
group might here be of significance with reference to 
regeneration, What is the comparative speed of move- 
ment of the two groups, irrespective of maze learning? 
Are anomalies of any kind present In the gait or other 
movements of the depleted rats? 

The results of this experiment as thus far published 
appear to fit into the Dunlap hypothesis. Early vita- 
min B depletion presumably produces extensive per- 
ipheral injury to the connections from receptors to 
effectors. The peripheral mechanism, in conse(]ucncc, 
being partially shut off, becomes incapable of admin is- 
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tering a brain-training comparable to that experienced 
by the undcpjctcrl rats, Verification or disproof of the 
premise must await report of the histological changes 
discovered in the depleted rats. The importance of the 
inclusion of histological evidence in such psychological 
studies involving nutrition is obvious. 

Because of the pronounced immaturity of the rats at 
the time of depletion, it is entirely possible that changes 
in brain and spinal cord and in other tissues may be 
found suflicicnt to confuse the issue. For this reason, 
so highly significant an investigation may well be sup- 
ported by at least two repetitions, one planned for half- 
grown rats, and one for young adult rats. In each of 
such repetitions, an initial learning scries, paired 
grouping with drastic depiction previous to a second 
learning scries, rcalimcntation, and a final learning 
series should add significant information. The more 
nearly complete histological picture to be secured from 
the succession of experiments using depletion in (1) 
the suckling period, (2) later growing period — after 
weaning, and (3) young adult life seems particularly 
valuable to psychology at this time. Examination of 
histological changes in ncrvc-ccll structure should be 
supported also by investigation as to changes in the 
muscle cell. This evidence with the related learning 
records for each stage of life is highly important with 
reference to the Dunlap hypothesis, and hence to a bet- 
ter understanding of learning. 

The Dunlap hypothesis placed particular emphasis 
upon the function of the erfcclors, that is, glands and 
skeletal muscles, for purposes of training. The con- 
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ditions of reactivity of glandular tissue are omitted 
here, although a considerable body of supporting evi- 
dence is available on that phase of the problem, The 
muscle plate also, upon which there is recent significant 
data, is disregarded in order to center discussion more 
clearly upon the two factors of nerve connection and 
skeletal muscle, This narrowing of the peripheral 
field is legitimate, since obviously, if training is de^ 
pendent upon response, it is dependent likewise upon 
the reactivity of those tissues concerned in that response. 
Admittedly, skeletal muscles play a major part in 
response. 

In line with this narrowing of the field under discus- 
sion, it may perhaps tentatively be assumed that the 
vitamin B depletion experiment holds constant (at 
least comparatively speaking) the factor of the con- 
dition of skeletal muscle while varying the factor of 
nerve connection. It is desirable also to examine this 
relation from the opposite approach. What are the 
inferences as to results to be obtained from holding 
constant the nerve connection and varying the nutri- 
tional state of the muscular tissue? The reactivity of 
any tissue is clearly dependent upon the stimulability 
of its component cells. Thus is envisaged the funda- 
mental importance of changes in cellular structure and 
in the chemistry of blood and lymph, together with the 
ultimate relationship of response to nutritional factors 
acting upon cell and fluid. The Dunlap hypothesis, 
with its emphasis upon the training function of skeletal 
muscle, leads directly to the consideration of the sup- 
porting evidence relating to the chemistry of muscle- 
cell reactivity. 
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In order to ferret out the possible lines of connection 
between nutritional influences and cellular reactivity 
of muscles, it is necessary to examine two groups of 
evidence': (1) What is the influence of nutritional ele> 
nients upon the essential structure of the muscle cell 
and hence upon its reactivity? (2) What influence 
upon muscular reactivity has the chemical variation of 
those body fluids, the blood and lymph, which nourish 
these cells? 

The researches having bearing upon the power of 
nutrition changes to produce consequent changes upon 
the essential structure of the cell are first to be consid- 
ered. By structural change is meant a modification of 
the cell in its nuclear or cytoplasmic content such as to 
affect characteristics other than size. Long-contimicd 
change in characteristic shape of the cell is considered 
ns produced by structural modification, It is assumed 
that an axiomatic statement may be made that change 
rri structure praduccs sesme cutisequcat chaage ici the 
reactivity of the cell. 

Data are now available to demonstrate that specific 
changes in diet produce structural changes in the cells 
of epithelial, endothelial, and bone tissues. Deficiency 
of vitamin A has been shown by Wason (144), Yudkin 
and Lambert (14B, 149), Mori (121, 122), Evans and 
Bishop (31), Wolbach and Howe (146, 147), and 
others to be associated with stratified horny changes of 
the normal epithelium. According to work of Wol- 
bach ami Howe (147), in men and in the rat a specific 
effect of vitamin A deficiency is seen in epithelial 
structures and results in the substitution of stratified 
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keratinizing epithelium fof normal epithelium in the 
respiratory tract, alimentary tract, eyes, parocular 
glands, and genito-urinary tract. Mason (99) has 
shown that male rats fed an inadequate amount of 
vitamin A become sterile within a few weeks even 
when an abundance of vitamin E is present, 1 he ger- 
minal epithelium of the testes degenerates and sperm- 
cell formation ceases, So uniformly associated with 
epithelial changes is depletion in vitamin A that Macy, 
Outhouse, Long, and Graham (91) have designated 
the presence of keratinized epithelial cells in the vagi- 
nal smears of virgin rats as an early and reliable sign 
of vitamin A deficiency suitable for use in the biologi- 
cal assay of foods for vitamin A. McCollum and 
Simmonds (107) rate this procedure for making the 
assay as probably the most accurate available jiietJiod. 

McCollum (106) has summarized the effects of de- 
ficiency of vitamin C as follows : 

"Deficiency of vitamin C has been shown to alfcet pri- 
marily the endothelial cells forming the capillary blood 
vessels. , . . , the influence is manifested in a lass of power 
to produce the cement substance holding the ciulotfidinl 
cells together in the membrane. Recently Hojcr (63) lias 
pointed out that before tJic circulatory system is damaged 
to an observable degree, the odontoblastic layer lying next to 
the dentine in the pulp cavity of the teeth suffers alteration 
in structure." 

Sufficient evidence appears to be available for the con- 
clusion that endothelial cells may be altered in struc- 
ture by nutritional changes. 

The production of marked changes in the structure 
of developing bone cells by alteration of nutrition with 
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regard to the calcium-phosphorus ratio and the vita- 
min D control is abundantly demonstrated in a long 
list of careful experiments. Associated with these nu- 
tritional changes, a recognized zone of abnormal 
growth occurs at the end of the shaft. This zone, 
known as tlic rachitic metaphysis, shows a wide variety 
of histological changes, blood vessels, connective tissue, 
osteoid, marrow elements, and cartilage cells in all 
stages of degeneration and metamorphosis into other 
tissue. There is a tendency to persistence of cartilage 
with lack of calcification. 

Extended series of experiments by McCollum and 
co-workers (104, 108-113), Shipley and co-workers 
(1.39), Sherman (134), Mellanby (115), Hess and as- 
sociates (S2, .53, 56), Stecnhock (141), Bills (15-17), 
and others attest to these structural changes. Care- 
fully prepared sections of bone tissue showing the his- 
tological changes associated with the producing dietary 
changes are available. tSo characteristic and uniform 
are these histological changes that the McCollum 
(107) "line test,*' consisting in the dietary production 
of the rachitic metaphysis and observation of the 5-dny 
amount of calcification produced along the horizontal 
line attendant upon healing, is widely used in con- 
nection with biological assay of foods as to vitamin D 
potency. 

Very recently, Klein, Becker, and McCollum (77) 
have secured tlie striking evidence in tooth structure 
of alternate hands of deliciently calicificd and of more 
thoroughly calcified structure coinciding in general 
to alternate periods of feciling on a strontium and on 
an adequate diet. 
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The preceding findings are reviewed here in an 
attempt to find, an answer to the question : What is the 
influence of nutritional elements upon the essential 
structure of the muscle cell and hence upon its reac- 
tivity? A great weight of evidence is available on this 
point with regard to epithclialj endothelial, and bone 
tissue. Presumably, similar proof is present for nerve 
tissue, though this has not been systematically pre- 
sented here on account of some clouding of the results 
from the vitamin B complex and vitamin G, the so- 
called antineuritic and antvpellagric factors. Kruse 
and McCollum (81) have just reviewed the literature 
on the antineuritic vitamin. 

Mention of the accompaniment of muscular clianges 
is also found in the literature, but the histology of these 
changes seems not to have been so uniformly and sys- 
tematically investigated as that of the tissues previously 
mentioned, Jackson (74), in a summary of the effects 
of total inanition upon the musculature, states that "the 
histological changes in skeletal muscle fibers involve 
first a simple atrophy — a decrease in size with no evi- 
dent changes in structure." This accords with the 
common inf eren.ee that such muscular changes as occur, 
since quantitative only, involve nothing other titan a 
weakening of the response. True, it is conceivable that 
a weakened response may have less training elTect than 
a vigorous response. However, it is noteworthy that 
Jackson includes other changes as substantiated by the 
evidence at hand, To quote further: 

Later, certain of the muscle iibers begin to show degen- 
erative changes with progressive loss of tlic cliaractcristic 
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strintioiis of tlic myofilu'illnc, granular (fatty, albuminous 
or pigmentary) degeneration in the sarcoplasm, . . . TJic 
nuclei arc more resistant and often undergo proliferation. 

A variable degree of lij'pcrplasia (filuosis) occurs in the 
interstitial connective tissiic, TItc extent of the degenera- 
tion varies greatly, not only in didcrent fibers of tlic same 
musclcj but also in muscles in different regions of the body," 

Similar changes have been reported from depletion 
of selected nutritional factors. Baiiu (11), in an in- 
vestigation of the muscular pathology of human 
rickets, reports the muscle fibers uniformly atrophied, 
with disappearance of the cross striations, increased 
distinctness of the longitudinal striations, multiplica- 
tion of the muscle nuclei, and increased connective 
tissue. McCarrison (103) describes changes in the 
musculature of the polyneuritic chicken and pigeon, 
and Funk (41) has also noted them in polyneuritic 
birds, Hess (SI, 54, SS), in his work on human and 
animal scurvy, notes in degeneration of the muscle 
fibers, hemorrhages, variable pigment deposits, and in- 
terstitial fibrosis. Fldjer (63), in scurvy, finds hemor- 
rhages, atrophy of the muscle fibers, and necrosis with 
calcification. 

A conservative attitude toward the results now at 
hand, incomplete though they are at various points, 
docs not prevent its estimation as presumptive 
evidence that a close relationship exists between nutri- 
tional factors and the intracellular structure of muscu- 
lar and of other tissues. With regard to this whole 
subject of histological changes, McCarrison (103) 
considers these nutrient principles now known as vita- 
mins as "certain nuclear ingredients essential for the 
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nutriment of the living nucleus. They are 'nuclear 
nourishers' without which multiplication of cells does 
not occur. The term nuclcopast (that which feeds the 
nucleus) might well be applied to them." 

It remains to examine the evidence on the question: 
What influence upon muscular reactivity has the chem- 
ical variation of those body fluids, the blood and lymph, 
which nourish these cells? To quote Howell (68) 
on this point, as stated in the eleventh edition (1930) 
of his Tecetbook of Physiology ; 

"The main salts .... arc bound up in the structure of 
the lining cnuleculc tmd are necessary to its normal reactions 
or irritability. Even the proteins of the body lujuids contain 
definite amounts of nsli, and if this asli is removed, their 

properties are seriously altered Tlic peculiar part 

played by the calcium, potassium and sodium stills in the 
rhythmical contractions of heart muscle, tlic Irritability of 
muscular and nervous tissues, and the permeability of the 
capillary walls and other membranes lias been referred to." 

Howell summarizes the present knowledge with 
regard to the action of calcium, potassium, and sodium 
ions in the blood and lymph upon the projDcrties of 
heart muscle. "... there is a balanced activity, and 
. . . the presence of all three in the proportions found 
in the liquid of the blood is essential for the normal 
activity of the heart," 

Although in experimental work concerning heart 
muscle the differences in the muscle structure and in 
the periodicity of its function need to be kept in mind, 
yet work confined to skeletal muscle seems to confirm 
the belief that the same basic principles are operative 
with regal d to the proportionate chemical concentra- 
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lion of the ions in the blood, A considerable list of 
brilliant and careful researches has carried forward 
the body of knowledge as to the action of the chemical 
ratios of the blood upon muscular tissue. Biederinann 
(13, 14), Ringer (129), Locke (B-5), Friedenthal (39), 
Jacques Loch (86-H9), and others have made valuable 
contributions. The results of Loeb's investigations, 
togctlicr with tlie basic principles involved, are here 
summarized. Muscle preparations (gastrocnemius) 
of the frog were used in a series of experiments. A 
muscle placed in pure sodium chloride solution isotonic 
with the blood soon begins and continues during life 
to twitch rhythmically. Upon addition of a small 
definite amount of soluble calcium salt, the twitchings 
cease, though tlie muscle lives longer in such a solution 
than in the pure sodium chloride solution, (Cf. 
Ringer's solution.) That the capacity for irritability 
is not lost can be prtwed by removal of the muscle from 
(he tfoltrffari and (esrfirrg hy (he faradte ccrrrerit. Lcreh 
concluded therefore that wc owe it to the calcium and 
the magnesium ions in the blood that our skeletal mus- 
cles do imt nvitcli (Jr beat rhytJimically. 

A further series of experiments is based on the fact 
that the muscle itself contains calcium salts capable 
of precipitation. By putting the muscle into solutions 
of sodium salts, which by entering the muscle precipi- 
tate tlie calcium contained in it, still more powerful 
rhythmical contractions ivere produced. Friedenthal 
at about this same time showed that the injection into 
the body of an animal of any salts capable of prccipi- 
tatijig calcium is followed almost immediately by 



122 


EUNOR I^cn BEEBE 


twitchings of all the muscles. Loeb (89) clearly 
states his belief 

"tliat tKe normal qualities, cspecinlly tile normal irritability, 
of animal tissues depend upon the presence in tlissc tissues 
of Na-, K-, Ca-, and Me-ions in the right proportion; 
that these ions are at least partly in combination with col- 
loids (proteins or higlicr fatty acids or possibly carbo- 
hydrates), and that any sudden change in the relative pro- 
portions of these ion lipoids or ion proteins ai ion enrbo' 
hydrates alters the properties of the tissues and gives rise 
to an activity or an inhibition of the activity, according to 
the sense in which the change takes place." 

Meltzer and Auer (116) later demonstrated the an- 
tagonistic action of calcium upon the inhibitory effect 
of magnesiuni. They used the live rabbit and the 
monkey (Macacus rhesus) and conducted a number 
of experiments with uniform results. Their factSj as 
illustrated by intravenous infusion of various calcium 
salts, support the general conclusion that calcium effi- 
ciently antagonizes the abnormal activity of its three 
inorganic associates in the human body, magnesium, 
potassium, and sodium, be the activity an over-inhibi- 
tion or an over-excitation. 

Recently, Bouchaert and Belehradek (20) have ob- 
tained confirmatory results as to the general principle, 
though their specific concentration is at variance with 
that previously used. 

On the basis of the blood findings and the clinical 
symptoms, Kramer, Tisdall, and Howland (80) ex- 
press the belief that the increased irritability of the 
neuromuscular mechanism in infantile tetany is due 
to a reduced concentration of calcium in the blood 
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serum. In such cases the calcium content of the blood 
is invariably reduced during active symptoms of tetany. 
Administration of calcium chloride by mouth, more- 
over, overcomes the spasm and results in a raised blood 
calcium. 

In the light of the foregoing evidence there can be 
little doubt that changes in the chemical ratios of the 
blood must of necessity affect the reactivity of skeletal 
muscles. 

A further transition remains. Do dietary variations 
of chemical nature, unless of a most drastic type, affect 
to any significant degree the blood ratios? Or, on 
the other hand, are there in the human body (and in 
other animal organisms) suflicient stabilizing mechan- 
isms, as, for example, the parathyroid glands and the 
buffer reaction of the blood, to render it unlikely that 
any significant number of the dietary variations which 
ordinarily occur may constitute nutritional change 
sufiicient to produce a consequent detrimental altera- 
tion in chemical blood ratios? 

Jackson (74) makes the general statement that, al- 
though relatively stable, the blood is found to undergo 
variable changes in nearly every type of inanition. 
The term inanition is used by him to designate insufli- 
ciency of all nutriment or insuflicicncy of one or more 
essential food elements. He further states that "the 
blood plasma is subject to various changes in chemical 
composition although for a long time its losses may be 
restored through absorption from the various tissues.” 

The data with regard to this point concern chiefly 
the blood changes associated with rickets and tetany 
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oa which successive careful analyses have been made, 
Howland and Marriott (71, 72) early noted the normal 
calcium of human blood as 10 to U mg, per 100 c.c, 
of scrum. They find a lowering to 8 mg. in some 
cases of rickets and an invariable reduction of the 
serum calcium in active tetany even to ns low a figure 
as 3.5 tng. per 100 c.c. The giving of calcium chlo- 
ride by mouth causes prompt relief of the spasm and 
is accompanied by rise of the blood calcium, The 
serum calcium was found by Kramer, Tisdall, and 
Howland (80), in a large series of rickets cases asso- 
ciated with tetany, to be about 5.4 mg. or approxi- 
mately half the normal. 

Howland and Kramer (69) found in rickets a 
marked decrease in the inorganic phosphorus of the 
serum. In a later report they (70) Stale for rats a 
normal serum calcium of from 9.5 mg. to 10.5 mg. 
and a normal serum phosphorus of from 7.0 to 8.5 
per 100 c.c, These normal values are not further in- 
creased by diet or by ultra-violet light. However, by 
feeding diets very low either in calcium or in phos- 
phorus the concentration of these elements in the scrum 
can be diminished by as much as 50 per cent, 'rWese 
effects are, of course, capable of stabilization by cod- 
liver oil, by the prepared vitamin D, viosterol, or by 
irradiation. 

The work of Howland and Kramer demonstrates 
the importance of the product of the concentration of 
calcium and phosphate ions in the blood. Tlicy found 
in uncomplicated rickets a serum having a practically 
normal calcium but a low phosphorus corvccntratiosi, 
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the product of the two figures being at or below 30. 
In tetany, however, the phosphorus may be near the 
normal, but a low product results from the striking 
reduction in the calcium. 

Holt, LaMcr, and Chown (66, 67), and more re- 
cently Adams and McCollum (1), have shown the 
technical application of this principle of the ion-prod- 
uct values of calcium and pJiosphorus to indicate 
whether test animals show active rickets or healing. 
McCollum and Simmonds (107) state that "the re- 
sults of blood analyses can be correlated with 'line 
test' (i.e., histological) observations in practically all 
cases." 

That the blood changes arc referable to dietary 
changes and that these changes proceed on a gradation 
basis rather than according to an all-or-nonc principle 
is shown aptly in Table 1, taken from data of Kramer 
and Howland (79). 

'nie bfooci! changes here shown were produced in 
rats subjected for 40 days to the designated diet begin- 
ning at an age of 30 days. 

It will be noted from the table that, with deficiency 
of the stabilizing vitamin D, variation in the calcium 
of tlje diet produced a closely related variation in the 
serum calcium, A generally consistent relationship 
was shown also between the proportion of calcium to 
phosphorus in the diet and in the serum. 

Petersen (127), in a study of ununited fractures, by 
application of the principles elaborated by McCollum, 
Simmonds, Shipley, and Park, and by Howland and 
Kramer, used diets which lowered the serum-phos- 
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table V 

Ejtbcit or CuTyEB. F^lT 1%) PiioSPHottUS O.Ci^(tis Vakiahlii 
Calcium of Dict on Ca and P of Surum 

From Kramer anil Howland (79) ^ ^ 


Diet 

Cn/P 

III 

ilici; 

Scrum 

Ca 

Sdrum 

V 

Rpiia 

urn. 

P ^0,6 1 

Cq=0.1+ ) 

P ==0.6 \ 

0,2+ 

4.6 

\U 

1+ 

Ca^0.2+ 1 

P =0.6 \ 

0.40 

5.B 

10.1 

IB 

Ca=0.H 1 
P =0.6 1 

0.74 

1 

5.6 

12.2 

20 

CQ.=a.64 ' 

P =0.6 ' 

1.07 

7.3 

1L6 

03 

P =0.6 

1 1.40 

) 

B.a 

8. a 

33 

Ca=l.04 

P =0.6 

i 1.75 

\ 

10,0 

7 A 

40 

Ca=1.24- 

2.07 

10.9 

6.5 

2B 


phorus conceatration in dogs. He pi'oduced a con- 
dition ill which the calcium phosphorus was less than 
30. For union of fractures he found it necessary to 
raise this product again to the normal, which he ac- 
complished by dietary changes. 

The responsiveness of the blood chemistry of the 
human adult to dietary changes is shown in a clinical 
study of an unvinited fracture case also reported by 
Petersen (128). The initial blood chemistry showed 
a low calcium-phosphorus product, Dy giving a 
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varied diet with daily inclusion of 2.0 gm. of calcium 
carbonate, 1.0 ounce of cod-liver oil, 500 c.c. of but- 
termilk, and orange juice or raw vegetables, and also 
with calves’ liver three times a week, the following 
changes were produced (Table 2). 

TABLE 2 

Eri'i'L'T or Diet upon Cai-cium-Phosphorus Product 
IN Human Blood Serum 
From Petersen ( 128) 


Dole 

Cn 

P 

Product 

Nov. 7 

lO.B 

2.225 

24.0 

Jan. 2 

lOJ 

3.75 

3B.1 

Fab. ta 

10.4 

4,0 

41.(3 


From the foregoing evidence, it appears then that 
dietary changes in the absence of sufficient regulatory 
factors produce roughly proportionate cliangcs in the 
chemical ratios of the blood plasma. Furthermore, 
such nutritional changes affect intracellular structure 
of the various tissues. It appears that these changes 
of the blood ratios and of intracellular structure affect 
the reactivity of the tissues, muscular tissues as well 
as others. Dr. K. V. McCollum (personal communi- 
cation), from c.vtendcd observation of rats in various 
stages of depiction and in depletion of different nutri- 
tive factors and from experience also in building up 
an exceptionally high standard of optimum nutrition 
in a rat colony inbred for many years, makes several 
signilicnnt statements which bear upon this general 
problem, 

"1, Rais slniw rally ami incrrasiuK hcliavior changes in 
the laiui'.'.t! Ill (lirjili'iiiin In certain .sjiceific fiiiiil factors. 
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"2. Tlici'e changes in many ctiscs, parlicularly in the case 
□f culcium depletion, appear to intliealc ;v l\y)Kr- 
sensitivity to stimulation, in other unrils a Imvcriiig of 
the tlircsholcl of stimulation. A wide range of behavior 
variation is however observable. 

‘‘3, The changes arc such as might be explained on the 
basis of alterations produced upon celluhir activity. 
Changes in training arc not involved since this is 
routine. 

^'4. Correction of the dietary cJcricicncy in certain tlmiigli 
not in all instances is accompanied liy fading out of the 
behavior anomaly whether of hypcrcxcitahllity or of 
other type.” 

It may be said that the evidence reviewed seems 
to show a strong probability that nutritional changes 
affect tissue reactivity and hence, according to the 
Dunlap hypothesis, influence greatly the brain-train- 
ing capacity of the periphery, particularly the muscles, 

fl. Analysis of Studies of Eqitilibi'iuni 

The devising of valid means for testing in vivo 
neuromuscular performance with reference to nutri- 
tional condition constitutes a major problem. As a 
beginning toward this end, a test of equilibrium is 
here presented, which appears to necessitate a pecu- 
liarly delicate type of motor coordination as well as 
a finely integrated adjustment, A lengthy learning 
series is used. 

This section of the historical development is con- 
fined more or less strictly to experimentation having 
to do with the particular type of test used In this study. 
Results from work with adults as well as with children 
are presented as significant for purposes of analysis. 
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McGinnis (114) gives a review of the studies on 
motor coordination in general of children, together 
with a complete bibliography to 1929. Her chrono- 
logical tables, giving experimenter, tests used, and 
results obtained, are particularly interesting, 

Tiic study of equilibrium dates from relatively early 
investigations. It has been pursued from the point of 
view of a variety of interests. However, valuable con- 
tributions from the many lines of research still fail 
to produce a sum total of knowledge sufficient to ex- 
plain satisfactorily and completely the several factors 
concerned in the development and maintenance of 
human equilibrium. 

Problems of bodily mechanics appear to have in- 
terested the earlier investigators. Their studies of 
erect bodily posture and of the ability to maintain 
balance were largely directed toward the location of 
the center of gravity. 

Palmer (125) has made a recent study of the center 
of gravity in the human body. This report, as yet 
unpublished, reviews the literature and gives a com- 
plete bibliography on the subject. 

In line with the findings of the earlier work, the 
efficiency of the military posture, particularly the 
"attention position," was called into question. This 
was early studied in Germany. Luciani (90) reports 
Vierordt's observations dealing with the topic of equi- 
libration in some detail. 

Practical tests of equilibrium have been utilized in 
medical practice, Lack of steadiness of the organism, 
whether in locomotion or in ability to hold the upright 
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posture, is readily observable and for certain judg- 
ments demands no delicate techniques. Hombecg 
(131), as early as 18SI, in his classical study of tabes 
dorsalis had outlined some of the chief characteristics 
of static equilibrium, particularly with reference to 
the pathological. This clinical research brings in an 
implied emphasis upon the factors of control from 
the central nervous system. Equilibrium becomes 
more than a problem of the physics of bodily baiaiiceH 

Perhaps because of the stimulus of the early work 
of Romberg, perhaps because of the greater case in 
objective measurement, static equilibrium has received 
the more attention in laboratory investigations. To 
Vierordt, Luciani gives credit for first using the 
graphic record in the measurement of sway. The 
mechanism of the ataxingraph using a kymograph is 
a development from this work. 

Weir Mitchell as early as 1006 used an objective 
and numerically accurate method of testing station. 
With Lewis, he (119) reports lateral sway as about 
So per cent less than anterior-posterior. 

Romberg (131), particularly through his emphasis 
upon the invariable character of the clinical sign which 
today bears his name, directed attention to the visual 
factor in static equilibrium. Practically all earlier 
experimentation employs a differentiation on this basis. 

Hinsdale (61) in 1887 made a quite extensive study 
of the visual factor. He reports that 12 normal adults 
show an average increase of 54 per cent in sway on 
both horizontal axes when eyes are dosed, With 25 
girls of ages 7 to 13 years, closure caused an increase 
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of 40 per cent. Hinsdale then tested 39 blind subjects, 
who showed an increase of 76 per cent over normal 
subjects with eyes open. In 17 deaf mutes closure 
of the eyes increased the sway only 37 per cent. A 
later experiment by Hinsdale (62), 1890, shows an 
increase of sway of 65 per eciit in 12 normal adults 
with eyes closed. The accuracy of the recording de- 
vices and also the comparable character of the subjects 
of the different groups may perhaps be called in 
question by the range of the deviations reported by 
Hinsdale, 

Hinsdale finds observation of marked sway to right 
rather than to left in the majority of normal subjeets. 
While right-handed people almost invariably tilt to 
the right, 12 out of 22 left-handed were inclined to 
tilt to the left. He states that children sway abso- 
lutely more than adults. 

Bullard and Brackett (21) in 1988 measured by 
rfrearis’ at die dic stsdc eqaiUbdiun at 

healthy men undergoing competitive physical exam- 
ination. Their tests show men from 20 to 30 years 
to be 4 per cent better with eyes closed, a finding con- 
tradictory to the usual report. Of the 150 men tested, 
80 per cent showed a linal head position definitely in 
front of the starting-position. Miles (118) states that 
ataxiameter records also show anterior movements 
nearly always largest. This he attributes to the fact 
that the point of hearing at the ankle joint is 5 centi- 
meters hehind the c(»ronal plane, thus constituting the 
point of greatest tension and throwing upon the solcus 
muscles the burden of preventing the falling-forward 
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of the body. He further states that the solcus muscles 
appear to relax gradually during the test, allowing 
the total center of gravity to shift forward, 

Hancock (46) in 1694 secured measurements on IS6 
children from 5 to 7 years of age, One hundred and 
ten were less steady with eyes closed. Age differences 
were noticeable in the 3-year range. Sex dilTerenccs 
favored the girls. 

Bolton (19) used the ataxiagraph in 1903 to study 
the relation of motor power to intelligence. 

"Wallin (143) in 1912 gave the ataxiagraph a place 
in his studies of defective children. He reports sway 
slightly greater for female than for male epileptics, 
particularly in the lateral direction. Closing of the 
eyes increases oscillation in both directions, more for 
low-grade than for high-grade cases, 

Melville (117), 1913, was interested in studying 
the attention position as required in military practice, 
the arrangement of the soldier’s equipment pack, and 
the recording of fatigue effects. He gave particular 
attention to irnportant anatomical considerations ap- 
parently in connection with the ataxiagraph findings 
of other investigators. To quote his statements freely, 
the human body is practically symmetrically disposed 
on either side of the sagittal plane, but asymmetrical 
as regards the coronal plane, which facts largely ac- 
count for the greater lateral than anterior-posterior 
stability. It is composed from above downwards of 
several segments (head, trunk, thigh, leg, foot), each 
affixed without rigidity to the next, Each segment 
possesses a center of gravity peculiar to itself which 
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must be considered in relation to the point of support 
on the segment just below and to the area of support 
on the ground. 

Miles considers sway to be perceived and controlled 
in so far as this takes place almost entirely through 
the lower limbs. The ankle carries the brunt of the 
movement of body sway. Here he makes a signifi- 
cant point from the work of Goldscheidcr (44), who 
has reported tlie ankle as the least sensitive of the large 
joints to angular rotation, the threshold being from 
.75” to 1.50” It is in the soieus muscles in their rela- 
tion through the ankle joint that the subject most 
actively exerts control to maintain a fine balance. The 
ataxiagrapb, in short, in Miles’s opinion records the 
play of forces between these muscles and all that may 
act as antagonistic to them. 

The earlier use of the ataxiagrapb in military 
rcscarcli in connection with problems of bodily me- 
chanics was greatly augmented by the development 
of aviation. Many tests related to body equilibrium 
attained prominence because of apparent value for 
predicting ability in Hying. The ataxiagrapb was 
used with aviation candidates mainly as a test of the 
condition of physiological and psychological control. 
Stratton (142), and also Henmon (48), gave it a place 
among tests of value in predicting flying ability. 

Miles (1 18), in 1922, in the Nutrition Laboratory 
of the Carnegie Institution of Washington, developed 
a device for automatic summation of movement in the 
two opposed axes of tlic horixontnl plane, This facil- 
ity of incasiirenicnt added to the practical value of the 
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ataxiagraph and stimulated still further use of this 
latest mechanism, now known as the ataxiametcr, He 
gives a thorough discussion of its sigiu/icancc for 
various purposes, together with a critical analysis of 
the data brought out during the earlier development 
as well as by subsequent expcriincntation extending up 
to the year 1922, 

Miles considers that the data examined recommend 
the station test as a sensitive measure of neuromuscular 
control in selecting men for work and in assessing their 
condition after work or when subjected to various 
modifying influences. He presents additional original 
data in support of the statement that sensations arising 
from changes of pressure on different parts of the soles 
of the feet and of strain within the feet are of great 
use in controlling equilibrium. Habituation to shoes 
makes it advisable to wear shoes for the test, though 
the practiced bare foot at a comfortable temperature 
is probably more sensitive, in addition to furnishing 
advantageously a larger base of support. The great- 
est stability is found when heels are about 20 centi- 
meters apart. Height and weight are both shown 
to cause increased sway, height having the greater 
effect, 

Miles's data support the earlier work of Flinsdalc 
as to an influence by respiration. The indication is 
for easy normal breathing during the test. The in- 
fluence of distraction is stressed with the suggestion 
that attention be controlled by instructing subjects to 
count silently with a clock’s tick. 

Fearing (32-35), in 1924 and 1925, using the ataxia- 
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meter, made an extensive study of a large number of 
the factors influencing sway. His data are significant 
on many points and, among other things, suggest that 
control and direction of attention are the chief factors 
on the conscious side in the decrease of sway with 
practice. Following this lead, he made a study of 
practice, securing results which indicate that the ap- 
pearance of practice effects is accompanied by signifi- 
cant changes in the direction of attention. 

Fearing next studied the clTect of controlled and 
uncontrolled attention upon sway, using for control the 
distraction of a Wundt sound hammer at discontinuous 
periods, counted and reported by the subjects. The 
results show significant decrease of sway in the dis- 
traction group which perhaps throws emphasis upon 
the involuntary factor in the processes concerned in 
maintenance of static equilibrium. 

Problems of perception of tilt, investigations of the 
function of the semicircular canals, and specific studies 
of bodily rotation admittedly have relationship to 
studies of equilibrium. Griflith (4^) has reviewed 
the literature on vestibular equilibration and has pub- 
lished a complete bibliography to 1922. Fearing (35) 
has brouglit the evidence with supporting references 
up to 1930. 

It is desirable to present a brief summary of those 
facts liaving to do with the control of posture by the 
central nervous system. Langworthy (83) gives a 
clearly stated critical review on this topic which covers 
the liteialure up to I92H. Cobb (22) ami Hines 
(SH-fiO) have made recent analyses of subjects closely 
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related. A complete bibliography is included in each 
instance. 

The original work of Sherrington (1.16) in the 
demonstration of the postural relics of decerebrate 
rigidity and that of Liddell and Sherrington (84) on 
the nvyotatic reflex furnish the basis for present knowl- 
edge of postural control. Other contributions have 
becft added, perhaps ntost notably by Magnus (92-95) 
and by Magnus and de Kleljn (96, 97) with reference 
to modificatious ia the tnvdbrain preparation, and also 
to labyrinthine influences. 

The walking reflex — which is obviously concerned 
in static equilibrium as well as in the present study 
of equilibrium— is considered as made up of two essen- 
tial forces, the one static and the other dynamic. Lang- 
worthy (83) stales that *‘a tonic contraction of the 
extensor rnusculature counteracts the force of gravity 
and supports the body from the ground while alternate 
rhythmic movements of the extremities produce a 
change of position and arc responsible for locomotion,” 
To quote Sherrington (137), "the execution of step- 
ping movements by the limbs does not of course in 
itself amount to walking. For this latter act the reflex 
stepping of the limbs has to be combined with reflex 
maintenance of the erect posture of the body.” 

Sherrington has shown the rhythmic tendency to be 
a property of the isolated spinal cord and the postural 
reflex to result in the decerebrate preparation, since, 
after cutting off inhibition influences of the cerebrum, 
the anti-gravity reflex becomes accentuated. How- 
ever, although the spinal animal shows the rhythmic 
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stepping reflex, yet a normal control of the activity 
through the brain also exists. It is the belief of Lang- 
worthy that “the evolution of motor centers in the 
forebrain and particularly in the cerebral cortex un- 
doubtedly plays an increasing part in the regulation 
of the rhythmic beat in higher animals." Evidence 
goes to show that the cerebral cortex as well as other 
not yet localized parts of forebrain and midbrain par- 
ticipate in normal control of the postural reflex. 

As to the source of stimulus maintaining the pos- 
tural reflex, Liddell and Sherrington (84) have traced 
these centrifugal influences on back to the proprio- 
ceptors of the same muscles which exhibit the tonic 
contraction. The unitary functional character of this 
proprioceptive reflex is shown in local modifications 
of plasticity of a Iiighly sensitive and delicate kind, 
which the investigators describe as the myotatic reflex. 

It is not, of course, to be inferred that there are not 
afferent influences from other sources which also 
modify the postural reflex. Magnus (93-95) terms 
the sum of the decerebrate postural reflexes as the 
“standing reflex." Additional influences shown in 
the midbrain preparation he calls “position or right- 
ing reflexes." He classifies the midbrain reflexes into 
five groups according to their source and the muscles 
upon which they act: 

1. Optic ( probably retinal riKluing rcllexes) 

2. Labyrinthine rij^luinj; reflexes 

J. Uii^hllnK reflexes arising: in the deep tissues of the body 
wall and uctiiij; on the bead 

4. Ihidy ri^luinix reflexes arisiiiK in deep structures of the 
neck iiiul actinia <m trunk and limb muscles 
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5. Body righting reflexes arising in deep muscles of the 
body wall and acting upon limb and trunk muscles 

Magnus also groups these influences as (1) labyrinth- 
ine; (2) proprioceptive; (3) exteroceptive (chiefly 
pressure), and (4) influences from tcleoceptors (eye, 
ear, nose) , 

Evidence with regard to connecting pathways is 
admittedly lacking in clarity. Almost all parts of the 
central nervous system, it appears, participate in the 
function of tonic control. 

Magnus (95) gives an exceedingly clear summary 
of the practical method of functioning of the righting 
reflexes. His description here is particularly applica- 
ble to the character of activity on the balancing-board 
as used in the present study; 

"The whole righting npparatus with the only exception 
of the cortical centers for the optical righting redexes is ar- 
ranged sub-cortically in the brain stem and in this way 
made independent of direct voluntary influences. The at- 
titudinal as well as the righting reactions arc involuntary. 

If under the influence of cortical impulses the normal posi- 
tion of the body be disturbed, the brain stem apparatus is 
ready to restore it, so that every new cortical action finds 
the body in a normal starting position without previous 
voluntary effort. , , . , Every sensory impression before being 
transferred to the cortex cerebri, has already acquired a 
certain special condition (local sign) depending on the 
previous righting functions acting upon the wJiolc body or 
parts of it/' 

In spite of the emphasis given to labyrinthine influ- 
ences by the work of Magnus and dc Kleijn, of 
Schaltenbrand (132, 133), and of Landau (82), all of 
whom used "adequate" stimuli, posings of the head 
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in relation to the direction of the force of gravity, some 
opinion seems to minimize the effectiveness of laby- 
rinthine stimulation in the human being. Experiences 
of aviators flying in a cloud and so lacking assistance 
of optic righting reflexes arc commonly quoted. 
Evans (30) on this point makes the statement: "The 
higher an animal is in the scale, the less important and 
the more readily dispensed with are its labyrinth pos- 
tural reflexes," 

.The preceding discussion of studies concerning 
equilibration shows it to involve a highly integrated 
and sensitive activity. Efficient functioning of such 
an activity may well be associated with optimum 
chemical balance of the cellular structure of muscle 
tissues. For this reason, a test which depends upon the 
child’s ability to inainmin equilibrium appears po- 
tentially of value in an investigation of relationships 
between motor cilicicncy and nutrition. Miles has ex- 
pressed belief in the reliability of a test of static equi’ 
librium as a measure of neuromuscular condition 
related to nutritional changes. Whether or not the 
"fatigue posture" clinically accepted as a classical 
accompaniment of malnourishmcnt in children may 
constitute some functional evidence of chemical im- 
balance and whether or not this general atony may 
bear a relationship to the efficiency of the postural and 
the myotatic reflexes are now only matters of conjec- 
ture. Suflicienliy delicate methods of measuring the 
contributing factors have not been devised. Neither 
have methods of approacli been planned to throw vari- 
ous factors successively into clear relief. How to ap- 
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proximate a *'zero condition" in human experimenta- 
tion of this character remains perhaps the most difficult 
problem of all. However, in toto, and also particularly 
perhaps in the use of studies of equilibrium, an appar- 
ently fruitful field of investigation is presented. 

The devising of tests of equilibration suitable for use 
with children offers practical difficulties. Obviously, 
the ataxiameter is unadapted for such purposes both 
because of lack of intrinsic motivation and because of 
the strain involved in inhibition, A test of a more 
dynamic character emphasizing the statokinetic re- 
flexes in reactions to partial body movements seems 
more nearly indicated for children. Johnson (76) has 
devised a walking-board which tests ability in progres- 
sive movement. This is highly interesting to children 
and utilizes a natural activity of a kind related to the 
field here to be investigated. This board was first used 
in a series of tests previous to 1921. In the work re- 
ported by Hunt, Johnson, and Lincoln (73), a de- 
tailed description with method of scoring is given. 
Succeeding experimentation has resulted in distinct 
modifications which are described by Courtney and 
Johnson (23) in 1930. The data presented indicate 
that the walking-board is a promising measure of indi- 
vidual differences in body movements. It also affords 
opportunity for study of emotional responses. Bald- 
win (.5) used a modification of the Johnson walking- 
board. He concludes that such a test is probably 
highly correlated with maturity and general motor 
development, 

For the present purpose a highly motivated stato- 
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kinetic activity is seemingly desirable. It should in- 
voive some difliculty in coordination but only up to 
such a point as not to disturb motivation. The prin- 
ciple of the seesaw is time honored in its qualities of 
intrinsic intrigue for young children. On this basis, 
therefore, the balancing-board is developed and used 
in the present study. 

From the previous analysis it is assumed that the 
following factors are among those contributing to skill 
of performance on the balancing-board: (1) age; (2) 
sex; (3) height and weight; (4) position and distance 
of feet; (5) footwear; (6) respiration and heart beat; 
(7) motivation; (8) intelligence; (9) socio-economic 
status of family; (10) control of attention; (11) eye 
fixation; (12) vestibular stimulation (probably at a 
minimum); (13) visual spatial perception including 
influences of eye muscles; (14) proprioceptive reflexes 
initiated in muscles, tendons, and joints; (IS) physio- 
logical condition; and (16) chemical balance of mus- 
cle cells, 



THE EXPERIMENTAL GROUP 

Five boys and five girls are used as reactors. P’ight 
children have been in the nursery school more than one 
year. All are accustomed to laboratory equipment and 
to varied laboratory tests. The members of this group, 
designated by the alphabetical letters A to J, were all 
born in 1925. At the beginning of the learning series 
the oldest was 2 weeks past 5 years. The youngest 
was 4 years and 3 months old. All are of native-born 
parentage except for one mother. The group shows an 
average intelligence quotient (Stanford-Binet) of 114. 
The highest intelligence quotient represented is 145; 
one is included below 105. 

Individual weights range close around the normal 
average (Woodbury tables). Six arc above the deter- 
mined average. One exactly equals it. Three arc 
below the norm of the tables, but show only small 
percentage deficiencies, the lowest 6.6 per cent. No 
special nutritional problems are evident. The chil- 
dren are without exception reported as enjoying food. 

The socio-economic group represented approximates 
the highest level. 

A scattered selection of older reactors is also used. 
A niaii, Reactor X, 23 years old, and a woman. Reactor 
Y, of 20 years, both of excellent muscular build and 
unusual skill in the various sports, are subjects for the 
adult comparisons. A girl. Reactor 0, 11 years and 

[ 142 ] 
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10 months old; a boy, Reactor N, 8 years old; and a 
boy, Reactor M, of 6 years and 2 months, all as com- 
puted at the betjinning of the test, are used to secure 
some indication as to age differences in ability in 
balancing. 



Ill 


DESCRIPTION OF APPARATUS AND 
METHOD 

A . Apparatus 

The test of equiJibrium consists of a board {BB), 18 
inches square, which balances freely over a fixed steel 
rod {A)^ 3/4 inch in diameter, as an axis. This 
board, 3/4 inch in thickness, is held on the rod at each 
end by a steel T-pipe, the nipple of the T-pipe fitting 
into a flange on the board. Lateral movement of the 
T-pipes on the rod is prevented by a collar fitted on 
the rod at the inner end of each T, The steel rod is 



figure 1 

Wiring Diagram anp Profilb of Apparatus vor Testing 

Equilidrium 
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supported and held fixed by two table clamps set 20 
inches apart on a firm wooden base {W), 

A wooden brace, 2 inches wide and 2 inches thick, 
is fastened across the middle of the under surface of 
the balancing-board (/i2J), crosswise to the axis. On 
the wooden base immediately below each end of this 
brace and parallel to it is fastened a 6-inch length of 
wood (C) , 4 inches wide and 4 inches thick, which con- 
stitutes a stop to the excursion of the balancing-board, 
Each of these lower wooden stops is surmounted by a 
large rubber heel plate set on its extreme outer top 
surface. The rubber thus placed at the contact point 
between the descending balancing-board {BB) and 
the wooden stop (C) below serves to lessen vibration 
effect upon the recording apparatus anti also reduces 
the force of the impact to the reactor. The maximum 
excursion of the balancing-board at its extreme outer 
cclgc--"that is, the distance from the end of the wooden 
brace to the stop when tliat side of the board is tilted 
up to its greatest height-- is approximately 4 1/4 
inches. The total angle subtended is 28 degrees, half 
of which is below and half above the point of equi- 
librium of the balancing-board. 

A small steel tubing, 17 1/2 inches long and S/8 inch 
in diameter, is secured firmly to the middle of one end 
of the balancing-board, parallel to the axis. To the 
outer end of this tube is fixed at right angles an upright 
piece of the same, 12 inclics long, thus forming a crank 
operated by the movement of the balancing-board. The 
longitudinal half of the perpcmiicular part is cut away 
for S inches from its upper end, and a small hole is 
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drilled through this upright piece 8 inches above the 
right-angle joint. 

Through the aperture in the metal crank extends a 
light steel rod (i?), free to slide back and forth, and 
carrying at its outer end a metal guide in which rides 
the point of a stylographic pen (P^) over a recording 
kymographic drum (£)) using a continuous paper rec- 
ord. The upper end of the pen rests in a suitable 
support {S). The metal rod (iJ), at a point 3 1/2 
inches from the pen (Pa) and 15 3/4 inches from the 
crank (0) when the board is at equilibrium, is sup- 
ported on point bearings which act as a fulcrum be- 
tween crank and pen. The delicate ndjustincnt makes 
it possible for the slightest movement of the balancing- 
board (Pfl) to produce a prompt response from the 
recording pen (Pa). When the board is down, i.e,, 
contacting the rubber shock absorber, on the left side, 
the pen makes its greatest excursion to the right, and 
vice versa. When the balancing-board is held level, 
the pen rides straight in the center of the distance be- 
tween the limits of its possible excursion to either side. 

The kymograph is driven by a motor {M) operat- 
ing on a 110-volt, alternating current, a rheostat (VRa) 
being used to regulate the speed. A Harvard clock 
{TM), supplied by four dry cells, governs the inter- 
val of a 5-second time line produced by an electro- 
magnetic pen (Pj) which has current source in a 6-volt 
storage battery (-Bj), The electrical connections of 
the entire piece of apparatus are shown in the accom- 
panying diagram, Figure 1. 

A screen, 52 inches high, is mounted between the re- 
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cording apparatus and the balancing-board to shut 
off the mechanism of the kymograph from the reactor's 
field of vision. 

For that part of tlie experimental scries which is 
planned to include some control of visual aids, a visual 
indicator is added to the described apparatus, A 
wooden extension, consisting of an arrow 27 1/2 inches 
long with a pointed metal tip, is affixed to the crank, 
Being thus attached, the arrow in its described arc 
makes a change corresponding to every movement of 
the balancing-board. The tip of the arrow, which is 
37 1/2 inches above the level of the balancing-board 
and 16 3/4 Indies from its nearest edge, is placed at a 
height and distance convenient for fixation by children 
of the age group used. It subtends an angle of 20 de- 
grees. The point of the arrow moves across a white 
cardboard background on wliich are drawn in bold 
black lines two concentric curves, 7 inches apart, cor- 
responding to the arc described by tlie arrow. Across 
the center of the band thus formed, and bisecting the 
arc, is painted a perpendicular line surmounted above 
the band by an arrow head, perpendicular line and 
culminating arrow head are of a bright red color. The 
metal arrow point of the wooden extension from the 
crank coincides with the red line on the background 
when the halancing-hnard is held at equilibrium, thus 
forming a visual indicator of perfect balance and also 
of its approximalioii, The outer quadrants of the arc 
arc painted black, leaving the middle half white except 
as bisected by the perpendicular red line indicating 
equilibrium. 
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In that part of the series which directed the atten- 
tion of the child to an equalization of the distance of his 
two feet from the center line of the balancing-hoardj 
a half-inch strip of white celluloid was fastened the 
length of the board over the axis, 

B . Procedure 

The method of procedure in a practice period on 
the equilibrium board is based on findings froiTi two 
reactors outside the experimental group who were used 
to test out the apparatus. The aim is to give a period 
of sufficient length to have definite practice vaUie but 
not so long as to be unduly fatiguing or boresomc to 
young children. The breaking of a single activity 
period by short rest intervals seems to give the most 
satisfactory results in performance and also to prevent 
the undesirable reactions. A practice period is there- 
fore used which consists of six work periods of 3b 
seconds each, separated by rest intervals of 4-5 seconds 
each. Hereafter, the phrase “work period" is used 
to indicate the 30 seconds of uninterrupted activity; 
“rest interval,” the 4S-second intermission between 
work periods; and “practice period," the total of the 
six work periods and five rest intervals. 

The child is invited by the experimenter to play a 
seesaw game. He is brought into the experimental 
room and shown the balancing- board. The experi- 
menter, while standing on the board, demonstrates how 
it inclines from one side to the other over the longi- 
tudinal axis. The reactor is shown, however, that with 
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effort the board can be held approximately level for a 
short time. The majority of children five years old are 
eager, after a very brief demonstration, to try to hold 
the board level. Though the child of five years prob- 
ably has an interest in simply tilting from side to side 
on such a balancing-device, yet the reactors in this 
group appear readily to understand the purpose of the 
activity as directed toward holding the board at equi- 
librium and to strive with varying but, on the whole, 
considerable earnestness and zest toward this end. 

The position of the child on the board is uniform 
with reference to the direction in which he faces and 
approximately so with reference to his relation to the 
axis. He faces the intercepting curtain and the record- 
ing apparatus near which the experimenter stands. 
This position, facing these elements, enables the reactor 
to direct his glance at will toward the mechanical parts 
or the experimenter without turning the head and, 
consequently, with the minimum disturbance of bodily 
equilibrium. One foot is set on each side of, and ap- 
proximately parallel to, the axis. In the earlier series, 
the reactor is allowed to explore freely with his feet, to 
choose a wider or a narrower stance, and also, if he 
wishes, to place one foot at a greater distance than the 
other from the axis line. The only requirement made 
at the beginning is that the feet be so placed that the 
reactor faces the kymograph. It is believed that in 
this particular skill such a free method may facilitate 
learning arul that gradually there will emerge in the 
case of each individual a more or less constant and 
characteristic response pattern. In a later series the 
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axis line is emphasized by a white stripe, and the child 
is at each work period instructed to place his feet the 
same distance from the white line. If necessary, he 
is given assistance. 

When the child is in position on the balancing-board, 
the following instructions are given: 

"Now hold tile board level. Try hard to hold it level. 

Don't let it tip this way. [Experinientcr holds hoard 
slanting in one direction,] And don’t let it tip this way. 
[Experimenter holds board slanting in the other direction.] 

Hold it level like this. [Experimenter holds board in posi- 
tion of equilibrium "with child on it.] Ilegiti when 1 say 'Go I' 

Keep trying, Don’t stop till 1 say ‘Stopl'" 

A warning signal “Ready’' is used. Approximately 
2 seconds later the switch starting the recording kymo- 
graph is thrown, the signal “Gol" is given, and the 
stop-watch is started. At the end of the 30-sccond 
work period, during which the reactor is in continuous 
activity attempting to hold the board in equilibrium, 
the signal “Stopl” is pronounced. The reactor steps 
off the board, stands at ease, walks about, or, as in the 
case of these children, plays with marbles or blocks, 
or busies himself quietly at whatever in the room may 
engage his attention. The 4S-second rest interval is 
succeeded by another 30-second work period, and so 
on, alternating work period and rest interval until the 
six work periods which make up a total practice period 
have been completed. This aggregates 3 minutes of 
work for an entire practice period, requiring a mini- 
mum of 6 3/4 minutes. 

Every effort is made to insure the child's understand- 
ing of the directions in the belief that the maximum 
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control nntl uniformity with regard to comprehension 
of terminology and of directions are necessary in order 
to place in clear relief the factor of skill in equilibrium, 
which is the ptiint of the test. These directions are 
greatly abbreviated with each successive trial, as the 
reactors show further repetition to be superfluous. 
After a few trials, only the warning, the starting and 
the stop signals arc usually necessary, except when 
some variation in the series is introduced, 

Figure 2 shows a reproduction of a record of a single 
work period. The record uses a strip of paper 3 1/2 
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inches wide and approximalely 1 yard long, variability 
in length being due to the warming'Uji of the motor. 
Identification data of name, date, lime of day, and 
direction in which the reactor is facing arc recorded. 
The six successive short work periods arc indicated 
by number and for convenience arc included on a single 
strip of paper. Other characteristic data regarding 
foot position, bodily posture, types of activity, facial 
contortions, and other extraneous movements, as well 
as introspections or significant remarks, are recorded 
as informal notes along the record strip. 

C. Method of SconiMtJ 

The record strip used in the equilibrium test shows 
the variable crosswise excursions of the stylographic 
pen back and forth between Us fixed limits. For scor- 
ing, two parallel lines are first drawn, one marking 
the left and the other the right outer limit of the re- 
corded excursion. The distance between these outer 
Utnits is then bisected by a line 'which divides the rec- 
ord longitudinally into two equal, contiguous rec- 
tangles. A planimeter is used to measure the area of 
the plane surface as outlined by the recording pen on 
either side of the bisecting tnidline of equilibrium. Of 
necessity each side is rrieasured separately. A record 
of ideally perfect equilibrium can show only a straight 
line exactly following the path of the bisecting mid- 
line, the inner boundary of the two contiguous rec- 
tangles, Such a record obviously can give no area 
on either side of the midline and may be stated as 
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representing a zero percentage of that area possible 
to be transversed on either side. On the other hand, 
the poorest record possible of execution can show only 
a line following the three outer boundaries of either 
contiguous rectangle. This completed area as meas- 
ured by the planimctcr must exactly equal the area 
of the constructed rectangle on cither side, or it may 
be phrased that the traversed area of the poorest record 
equals 100 per cent of the possible area. Thus, the 
record of performance can be translated into a per- 
centage score, increased proficiency in balancing be- 
ing indicated by an increasingly smaller percentage. 
This percentage, for the left rectangle, for example, 
represents the ratio of the area actually recorded on 
that side by the pen to the maximum area possible to 
be recorded there. The percentage for either side of 
the record is a numerical score indicative of the rela- 
tive time spent by the reactor in balancing on the oppo- 
site side of the axis and signifying the proficiency of 
performance during that time. Tlic percentage repre- 
senting the achievement on each side of the axis for 
the best 2 !) seconds of every .lO-sccond work period is 
tabulated, as is also lire average percentage represent- 
ing the total performance of the reactor for that time. 
These three items, left, right, and average percentage, 
are totaled for each of tlic six work intervals and again 
averaged to make a .l-itcm score for a complete practice 
period. This score thus shows average performance 
on the left ami on lltc right .side of the axis and also 
total average achieveinent. 
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D. Program of Experimental Series and Theo- 
retical Implications of the Variations 

The test of equilibrium is concerned with an ex- 
ceedingly fine type of motor coordination which brings 
into play a delicate adjustment of practically every 
body part. For this reason a long period of training 
is necessary, and a somewhat prolonged learning scries 
is planned. This includes the following variations: 

1. An initial practice series in simply holding the 
board in equilibrium, 

2. A short series in which attention is directed to 
the most advantageous placing of the feet. One ob- 
servation of expert balancing is given here. 

3, Training in ihe use of visual cues by the addi- 
tion of a visual indicator. 

4, A short control series duplicating the procedure 
of the first series. 

5. An additional short blindfold series and a con- 
trol for a very small group. 

6, A short retention series after a 3-month interval 
for a few selected individuals. 

The introductory practice series comprises 20 prac- 
tice periods in which the reactor's attention is directed 
simply toward balancing on the board while facing in 
the prescribed direction, A minimum of direction or 
suggestion as to any contributing feature is given in 
order that the reactor may explore freely and develop 
his own most satisfactory pattern of response. 

The second series of 5 practice periods attempts 
some training with reference to the important factor of 
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foot position. A white stripe is placed longitudinally, 
coinciding with the mid-axis line. The reactor is care- 
fully and repeatedly instructed, and assisted when 
necessary, to place his feet at an equal distance on each 
side of this white line. Just previous to the second 
period of this scries the children are allowed to observe 
for 30 seconds the expert performance of a man who 
is unusually proficient on the balancing-board. 

The third scries, consisting of 10 practice periods, 
adds to the training in foot position an attempt at some 
control of, and training in, the use of visual aids. The 
mid-axis stripe and the instruction as to foot position 
are continued. The upright arrow oscillating across 
the 28-degi'ee arc, as previously described, is used as a 
means of directing attention to visual cues and forms 
a visual indicator. The belief is that such a visual 
indicator may serve several purposes. First, it pro- 
vides a prominent set of visual cues at approximately 
the level of the eyes. Visual cues most used formerly 
are apparently those centering around the crank over 
the axis rod at a point near the board. Observation of 
these necessitates sonic bending of head and trunk, 
which is obviously disturbing to equilibrium. This 
bending of the body is eliminated by the use of the 
perpendicular arrow. The second point is tied up 
with some assumed differences in the stimulus pattern 
of the child and of the adult. Adults apparently give 
much more attention to visual cues than do children of 
live years. Can the child of this age be given such 
specific training in tJie use of visual cues as to cause 
him to show any marked improvement in balancing- 
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performance? The third purpose centers around 
attentioiit It is believed that the added intCLest in 
the significance oi the arrow when held in its perpen- 
dicular position against the segmented arc may serve 
to focus attention and to increase integration, thus pro- 
ducing a better performance. The attempt is thus 
made to reinforce the child's kinacsthetic perception 
pattern by an observed and meaningful objective indi- 
cation of his achievement. 

The control series, consisting of 5 practice periods, 
gives a basis of comparison both with initial achieve- 
ment unaflfected by special variations of method and 
with the data of the variant scries. 

The short blindfold series of 3 practice periods is 
used with three highly cooperative 5-year-oId children 
who especially enjoyed this part of the program. With 
the two adults 10 blindfold trials were allowed. There 
appears to be some significance in a scries cutting off 
all visual cues just following a time when special em- 
phasis has been laid upon them. Also, it is desirable 
to secure some Information as to the relative depend- 
ence of the child and of the adult upon visual aids as 
compared with kinacsthetic and muscle and joint sen- 
sations. The scries is followed by one control practice 
period identical in procedure with the initial series 
and with the other longer control series. 

A retention series including 5 practice periods, 
which duplicates in method the original practice series, 
is given to three reactors; A, from the 5'ycar-old group ; 
X, an adult; and L, 12 years old. This series is con- 
ducted approximately three months subsequent to the 
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completion of all the other series, during which time 
there has been no practice whatever on this test or on 
anything approximating it. 

The program of the scries as arranged for the adults 
and for the intermediate age levels is abbreviated in 
such a way ns to furnish comparable data on certain 
desired points only. All age levels began with the 
same initial practice scries in simply holding the board 
level with the accompaniment of the minimum of in- 
struction or suggestion. This uniformity in the first 
series gives opportunity for comparison of initial 
ability, initial speed of learning, and early postural 
patterns. The adults arc given 24 instead of 20 prac- 
tice periods in this scries since they seem still to be 
making improvement. The use of the white mid-axis 
line, the one observation of a proficient performer, and 
the arrow indicator are used only for the S-year-old 
groups since such training and instruction seem super- 
fluous for the other reactors. The older subjects are 
fully conscious of the contributory factors dealt with 
in the variant scries and arc voluntarily striving in 
each practice period to find the most advantageous 
use of tlicsc various aids. Both the 5-year-old children 
and the adults, however, are given the blindfold series 
in an attempt to bring out any differences in the stimu- 
lus patterns utilized by children and by adults. Also, 
the same scries is given to members of three age groups 
in order to test retention of skill in a broader age range 
and with a higher degree of reliability. The scries 
for the intermediate ages arc shorter and are included 
as a means for some further comparison of initial 
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ability and of initial speed ot learning on an age basis. 

The distribution of the practice periods as to time 
sequence is uniform. A Maiiday, Wednesday, Friday 
schedule is followed throughout except as .ihsencc or 
other unavoidable occurrence lengthens the interval, 
or as, toward the end of the program, it is found neces- 
sary in a few instances to shorten the intervening time. 

E , Motivation of Performance 

The balancing-board, as used in the test of equi- 
librium here discussed, provides a very difficult form 
of activity. Highly integrated and earnest effort on 
it produces some fatigue. Also, boredom may easily 
be added to the difficulties of the less skilful performer. 
The children come to the first practice periods with 
much zest and many expressions of joy. However, 
it involves hard work, and in the course of a somewhat 
prolonged learning experiment there is danger that 
this element may gradually make the test more and 
more disagreeable to the child. For this reason 
strong positive suggestion is used in every way possible; 
it is a “good balancing game”; “we had lots of fun 
balancing yesterday"; “you have only two more 
ehances"; these and similar statements arc used 
throughout, with variations, as propaganda for per- 
petuating a strong interest on the part of the child. 

However, the test possesses an intrinsic motivation of 
an unusually fine type which furnishes the real spur 
to continued and earnest effort. The child*s pleasure 
in a momentary success in holding the board at equi- 
librium is easily observable, and every success, even 
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though small, is given approval by the experimenter. 
Improvement, too, from day to day can usually be 
recognized by the reactor. The sense of achievement 
resulting from these two factors of momentary success 
and steady improvciiicnt appears to furnish a strong 
and abiding motivation, sufliclent with very few aids 
to carry the reactor through a long learning scries with 
a steady and dependable enthusiasm. 

Blocks are used as the chief form of extrinsic re- 
ward. The child, after making a “good" record, is 
allowed to choose a block from a varied assortment 
and to carry it bach with him to deposit in a special 
box in the nursery school. The fact that the child 
cannot himself cleiinltely observe and rate his achieve- 
ment as in the aiming test is a disadvantage. How- 
ever, this difficulty is partly obviated by the child's 
recognition of and pleasure in a momentary successful 
balancing. Also, after such successes in holding the 
board in ctjuilibrium, the reactors are frequently shown 
the “good marks" which they have made on the record. 

Just following the Jong initial series, at a time when 
enthusiasm might be expected to flag, the children 
are permitted singly to observe the expert balancing 
performance of a highly proficient man. The belief 
is that such an observation aids motivation in that some 
attribute analogous to prestige is associated with the 
playing of the game by the fact that a grown man, 
whom they all like very much, enjoys tlie game and 
is skilful in it. 

Toward the LMid of tlie entire experiment, in a special 
endeavor to secure the best possible achievement of 
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which the child is capable, a balloon is used for addi- 
tional motivation, After every “good" work period 
in a practice period, the child is permitted to play with 
the balloon instead of with the blocks or marbles 
regularly used in the relaxation interval. 

1^0 special form of motivation is used with the adults 
or with any children except the S-year-old group. A 
slight element of competition is present, but the chief 
incentive to the excellent and sustained effort put forth 
is the pride and pleasure in achievement. The test 
involves a physical performance which to children 
above six years — and to many adults — seems to be fas- 
cinating. The oldest reactor designates it "good 
sport." 



IV 

RESULTS 

A summary of the total achievement and of the 
individual dilTcrences in the scores of eight children 
and two adults in the equilibration test is shown in 
the graphs, Figure 3 (a and b). On the basis of so 
small a number of reactors the results cannot be as- 
sumed in any way to be conclusive. Plowever, a learn- 
ing scries of considerable length has been carried 
through by each reactor. In the course of the program 
and particularly with reference to the variations intro- 
duced, certain tendencies appear which seem signifi- 
cant and which may have tentative value with reference 
to the planning of programs and techniques for further 
research. 

The graphs evidence a slow learning process with a 
seeming absence of the usual rapid initial gain. Indi- 
vidual differences arc shown, and also certain general 
tendencies^ — in so far as may be inferred from the data 
at hand- — appear to be present. 

A . Age Diffeiiences 

The graph mentioned above portrays age differences 
as shown throughout the experimental program. 

Those differences which are related to variations in 
the series arc discussed in connection with the analysis 
of the specific variation with which they are associated. 
Table 3 shows wiiat may be termed "initial” age dif- 
ferentiation. The scores on trial 5 rather than on trial 
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Graph Showing Individual PRRronMANCR of Children 
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1 are used as being probably more truly representative 
of the child’s ability in equilibrium. The young' child 
obviously experiences greater difficulty than the adult 
in comprehending just what is expected of him in a test 
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FlCiURE 3i 

Gkai'ii Showing Individual Performance of Adults through- 
out THE Variations op a Lkarninc Program 
IN Equiuurium 

situation. He is also more subject to slight fears and 
to inhibitions caused by unfamiliarity. In the early 
records such influences may tend to mask the ability 
in equilibrium. The fifth record is used as represent- 
ing a more nearly comparable measure of '‘initial" 
skill in body balance. 

The average of the six 30-sccond work periods which 
make up one trial show an unmistakable increase in 
equilibrium from the mean age of 4 years and 8 months 
to the age of 23 years, Total increase between the 
average of the records of the 10 young children and the 
record of the 23-year-ald man is 13.9 per cent, This 
figure means that, as measured by the present test, that 
proportion, 13.9 per cent, of tiic advance from total 
lad: of equilibrium to ideally perfect equilibrium is 
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Initiai Age Differentution in Equilibrium on Basis of Tmal 5 
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mncle between the mean age of 4 years 8 months and 
23 years. 

However, the difference between the adult and the 
best child, a girl 4 years and S months old, is only 8,9 
per cent. A similar comparison with the poorest child, 
a boy 4 years and 10 months old, shows a difference of 
17.9 per cent. Tlie group of children thus is seen to 
cover within itself a range of 9 per cent in difference in 
eflicieiicy as regards equilibrium. 

The mere fact of increase in body balance with age 
up to young adult life is obvious. However, an e.x- 
amination of the percentage Increase on each of the 
levels tested shows a strikingly large proportion of the 
gain to occur between the ages of 6 and 8 years. This 
may be due to a chance distortion inherent in the selec- 
tion of the few cases examined. Reactor N, the 8-year- 
old, has no history of special training or ability of this 
character. He comes from a home of much lower 
socio-economic level than the 5*ycar-oid group, His 
motivation was excellent, He enjoyed each trial keenly 
and apparently considered it a special privilege to join 
in an experiment. He left his play with the other boys 
on the street quite readily when his turn came "to 
balance," However, N's motivation did not appear to 
be stronger than that of M, younger, or of O, the 12- 
year-old girl, An attitude of keen enjoyment was 
characteristic of all three. 

Trial S happens to light on one of reactor N’s better 
records, though it is not extraordinarily so. His triaMO 
record averages ,302 with a 30-secoiid period in It bet- 
ter than the best in this trial-.^ record. The trial-ll 
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record averages the same as the trial-5. Total per- 
centage of gain between his first and fifth trials is large, 
.124 as, however, against a gain of ,122 by reactor O 
in the same time. 

It may be contended that the best single 30-second 
work period of the six composing any one trial is a 
better criterion of the reactor's absolute ability. In 
general, averages appear to offer the safer and more 
nearly accurate basis of comparison. However, in 
this instance, where a single trial is designated as a 
means for showing age differentiation, the record of the 
best single work period may possess advantages. Per- 
haps the best short period is significant of the funda- 
mental ability of the organism as least affected by 
extraneous influences. 

Data of the best single 30-sccond work period of trial 
5 for each reactor are included in the table. The 
successive percentage gains from one age level to a 
higher again show the definite progression in ability 
from the five-year to the adult stage. On this basis the 
total gain from mean age 4:8 years to 23 years is 13.4 
per cent. Difference between the best child, a boy 5 
years old, and the adult is decreased to 4.7 per cent. 
The extraordinarily good 30-second record, which 
makes this very low difference, comes from Reactor A, 
a 5-year-old boy. It represents an anomaly of the kind 
to lead to distrust of comparisons based on “single 
best" records rather than the more dependable aver- 
ages. Evidently, for one short period in his fifth trial, 
an unusually fortuitous aggregation of favorable cir- 
cumstances combined to produce a .250 score which 
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is not again equalled until his thirtieth trial. A single 
best score equalling or exceeding this is found only 3 
times in the 47 trials of this reactor, 'vvho, in the general 
comparisons, ranks in the lower half of the group of 
children, 

Difference between record of the poorest child and 
of the adult is 21.4 per cent by the "best single” method 
of scoring. 

A similar unusually large gain between the years of 
6 and 8 is shown also by these records although the 
amount is slightly reduced here. However, 8.3 per 
cent as a two-year gain remains as a clearly large pro- 
portion of the total increment of 13.4 per cent in ap- 
proximately 18 years. 

This second method of comparison also brings out 
a greater increase, 4.4 per cent, between the 12-year 
and the adult level. This indication may or may not 
be in accord with the fact. 

Other age di/fcrcnccs also appear. Table 4 shows 
the mean for 24 trials each of H children and 2 adults. 
The man's mean score shows 1 1.9 per cent greater cfR- 
ciency in this test than the mean of the 5-ycar-old chil- 
dren. The woman's mean score is 6.9 per cent better 
than that of the children. In percentage of absolute 
gain in power of equilibrium during the 24 trials, by 
Table 4 the children show a mean gain of 4.2 per cent 
as against 6.7-per-cent gain by the man and 4.2-pcr- 
ceiit gaiti by the woman. It is to he noted, however, 
that individual children made a gain of 6.3 per cent 
and 5.3 per cent. 

In summari/'.ing, it may be stated that the data at 
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hand indicate a slow, somewhat irregular increase of 
skill in eiiLiilibrium with age. The curve seems to 
show a much more rapid rise between the ages of 6 and 
0 years. Furtlicrniore, adults probably make a some- 
what greater percentage gain in the course of 24 trials 
than children of mean age 4 years and 8 months. 

B . SliX Diffeiiknces 

Table 4 is arranged to present sex differences in 
body balance as shown by the means of 24 comparable 
trials on the balancing-board by 4 girls and 4 boys of 
mean age 4 years and 8 months. Girls average .3835 
and boys .3827, thus showing almost exact equality in 
mean efliciency on the 24 trials, Girls show the best 
and the poorest scores by these averages, though in each 
instance this is a matter of only about 1 per cent differ- 
ence from the best and the poorest hoy’s scores. 

Girls gained an average of ,4 per cent more tbaii 
boys tbrougliout this series oi 24 trials, a difference 
which is obviously insignificant. 

There is no reason to suspect that this particular 
sampling contains girls of especially greater ability 
or boys of less ability. The two groups are considered 
to be quite evenly matched and to show a rather ex- 
ceptional physical and mental status. Mean age of girls 
is 4:7, of boys, 4:9, showing a slight difference in favor 
of boys. Mean IQ of boys shows a superiority of 5 
points over the girls. Hiich a difference, however, is 
probably to be considered negligible in so small a 
number of cases. 

Comparison made on the basis of the average at- 
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tained in the highest trial score of the 24 gives the 
girls an average o£ .340 as against .349 for the boys, a 
superiority of less than 1 per cent for the boys. 

Data at hand from the present experiment using the 
balancing-board clearly indicate no material difference 
in the efficiency of performance by the two sexes at 
the mean age of 4 years and 0 months. Tlie evidence 
here is in disagreement with reports from tests of static 
equilibrium as given by Hancock (46) to children 5 
to 7 years old and by Hinsdale (61) to boys and girls 
of 7 to 13 years. Both of these investigators have 
found a greater steadiness in girls, stated by Hinsdale 
to amount to about a 10-per-ceiit difference. Present 
results do accord, however, with Miles's (118) data of 
ataxiameter records which go to show that average 
results for adults of both sexes agree closely, ns that 
investigator states, "the disadvantage of the greater 
height of men being counterbalanced by their larger 
standing base." 

Tests of two adults, however, on the balancing-board 
show superiority of performance in the male practi- 
cally throughout, though various influencing factors as 
well as the comparison of only the two cases make this 
difference of probably negligible significance. Records 
of the man exceed those of the woman by 5 per cent, 
on the average, for 24 trials, by 2.2 per cent in absolute 
gain in the same series, by 2.7 per cent on initial rat- 
ing, and by 4.9 per cent on final rating. 

The woman’s footwear may influence her perform- 
ance sufficiently to produce the differences reported in 
this comparison. Miles (118) believes the accus- 
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tomed footwear ^Ivcs more nearly consistent results 
in ataxiameter tests. No attempt was made to control 
this factor. However, in the course of an extended 
learning series a woman may wear a half dozen dif* 
ferent pairs of shoes of varying last and with consid' 
erable range in heel height. In the same time a man 
often wears only one or two pairs of shoes, and those 
similar in last and heel. Reactor Y reported a necessity 
for slight changes of body adaptation to the test occa- 
sioned by a change of shoes. Change in the support of 
the arch was more noticeable to her than change in heel 
height itself. The 12-year-old girl, O, wore flat heels 
or tennis shoes except in the final retention scries, where 
she registered a loss. Reactors Y and 0 showed a 
similar posture in balancing, in both cases character- 
ized by a decided tilting-forwarcl from the hips not 
observable in the young children or in the man. 
Whether or not in this difficult test such a postural 
variation constitutes a compensation associated with 
fundamental clifFercnccs in the proportions of the adult 
female skeleton nr whether it develops with the wear- 
ing of high heels, and, further, whether or not a com- 
pensation thus necessitated lowers efficiency of body 
balance is a matter of conjecture. For a reliable study 
of adult sex differences in body equilibrium as unin- 
fluenced by extraneous factors, it is perhaps necessary 
to use women who have always worn lasts and heels 
of the golf-slioc type. Such a group, having never 
expcricnccd the anterior-posterior shift in the center 
of gravity necasittned by the wearing of high heels, is 
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perhaps more truly representative of the female’s 
ability in equilibrium, 

To summarize, the data from a prolonged learning 
series on the balancing-board show no sex differences 
in young children. Adult diflferences favoring the 
male may be of negligible significance if extraneous 
influences are equalized, 

G, Sidedness 

In the present study of equilibrium, comparison of 
records for the right and the left side of the body in- 
volve several questions which render it difficult to 
separate and to designate the factors operative; 

1. Does the reactor consistently prefer one side of 
the body, and, if so, tend to work more with that side? 
Does a tendency to work more with a preferred side 
throw the body weight more often to that side of the 
axis and thus increase the score on the preferred side?** 

2. Is the preferred side more efficient than the 
other? If so, does this superior ability tend to decrease 
the score of the preferred side and so to counteract 
any effect of increase mentioned in question 1? 

3. Is there a tendency for one side to carry the 
weight and for the other to act as a "feeler” working 
for the fine adjustment? Or does the weight-carrying 
side receive the greater momentary amount of stimu- 
lation and so act the more efficiently in delicate dis- 
crimination also? If the right is the preferred side, 

*It is to be recalled that by the method of recording used, the 
smaller score indicates the better performance. 
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does it carry the weight or docs it act for fine adjust- 
ment — or both? 

4. Apparently the individual builds up a pattern 
of preferred responses with regard to sidedness in body 
balance. In comparison of individuals, is there a cen- 
tral tendency or a wide variation in these patterns of 
preferred response? 

Obviously this one study and the meager amount of 
data presented cannot expect to solve the complicated 
problems of sidedness. The data on the 24 practice 
trials, as presented in Table 4, seem to offer the best 
approach here afforded. However, modification of 
sidedness by certain variations in the series is also 
noted. 

In the comparison of the records of one side against 
the other, this fact must be kept in mind. A small 
record on one side may show greater efficiency of per- 
formance for that side, but it may also be produced 
partially by the fact that less time was spent on that 
side. In general, the smaller record on one side seems 
to be fairly closely related to a better performance by 
that side. 

Averages of the 24- trials of each child show in six of 
eight children, all of whom arc right-handed, a smaller 
score for the right than for the left side. In these six 
individuals, the excess of the left varies from 4 to 16.7 
per cent. The group of hoys shows variation of only 
2 per cent. On the other hand, the girls show great 
difference in this rc.spect. One girl, who scores highest 
of all tlie children on the 24 trials, has an excess of 16.7 
per cent in the left-hand score. Two girls show a re- 
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versal, a small excess, 2 per cent and .6 per cent on the 
right. In the averages of the girls' scores and of the 
boys' scores, however, the individual dilTerences disap- 
pear, Both show an excess in the left-hand score; 
the girls of 5.8 per cent, the boys of 5.1 per cent. 

The two adults show wide variation lit sidedness. 
Excess is on the left, .3 per cent, for the man and on 
the right, 6 per cent, for the woman. Both are right- 
handed. Both reactors are skilful workers on the bal- 
ancing-board, Reactor X probably quite exceptional 
in his performance. On the basis of his record as to 
sidedness, it might be inferred that the best performers 
show little sidedness and that this quality may be a 
factor which makes for a high score in equilibration. 
However, D, holding consistently the highest record of 
perfomiance arrvong the children, shows an excess of 
16.7 per cent on the left. It is entirely possible that the 
man's lack of evidence of sidedness indicates an indi- 
vidual characteristic. Although he is right-handed, he 
reports a left-handed performance with several tools, 
such as the axe, hoe, and broom. 

It seems probable that great individual differences 
in sidedness occur even aside from the facts of handed- 
ness. Further experimentation is necessary to deter- 
mine whether girls are more variable in sidedness than 
boys, whether better reactors show more or less sided- 
ness, and whether adults exhibit this characteristic in 
equilibration more or less than children. 

Another and somewhat more subtle tendency is noted 
by observation of actual performance, though it can- 
not always be traced in the numerical records. There 
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appears among the reactors in this experiment to be 
an individual preference for initiating effort to balance 
from a certain position and with one foot rather than 
the other. I), the best performer among the children, 
showed a very constant tendency to work, with the left 
side of the board down and the right foot thus in the 
air. Notations of the extreme activity of this right foot 
are found throughout the series. These notations state 
observations such as "Moves right foot continuously — 
even up on toes," and "Left foot hardly ever moves." 
In her case, this habit of performance is directly trace- 
able on the records. In conformity with the position 
down on left and up on right, the daily records show 
many more contacts for the left side, and the average 
score shows tlie large excess of 16.7 per cent for that 
side. 

The hoy 13, also of the childrcids group, showed the 
same characteristics of extreme activity of the right 
foot, using the left foot in a lower position as a base, 
In some instances, this is traceable to the records also. 

Reactor 0, the 12-ycar-old girl, seems to use a 
method similar to tliat of D, though it is not so plainly 
observable cither in her performance or in its effect 
upon the scores. Her words are, "It seems easier to 
hold with my right foot," and again, "I like to push 
with my right foot." She shows an excess of only 3.S 
per cent on the left. 

Both adults report a preference exactly opposite to 
tlie method stated above. X and Y mention liking to 
initiate efforts at balancing from the right side. Re- 
actor Y makes the statement that, although she prefers 
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to Start from the right aide, she does make the effort 
from both sides] also she states that when blindfolded it 
is easier to shift from right to left than vice versa, This 
preference of method on her part can probably ac- 
count for her record of a fight excess amounting to 6.4 
per cent. Reactor X, however, who states his prefer- 
ence just as clearly, averages a negligible difference for 
the two sides. 

Individual analysis of the daily averages for the left 
and the right side brings out a great variation from day 
to day in case of all reactors but one. The only reactor 
exhibiting consistency is D, who has the 16.7-per-cent 
excess on the left. Her every trial except one out of 
the 24 shows excess on the left. Examination of the 
scores for the six work periods in a day’s trial does, 
however, show a slightly greater variation there. Table 
5 gives the number of trials showing left-side excess 
as compared with the number showing right-side ex- 
cess for each reactor. This comparison is worked out 
on the basis of trial average scores and also from best- 
work-period scores, 

It might be considered that the most nearly char- 
acteristic preference as to sidedness appears in the best 
single short work periods. In trial scores computed 
on this basis, D in 24 trials shows left-side excess in 
only IB and a total left-side excess of 16.4 per cent, 
illustrating a negligible difference between sided ness 
as computed from average and from best-work-period 
scores. Examination of the means for boys and for 
girls does bring out a greater equality as to sidedness 
in the frequency and also a slightly greater equality in 
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the percentage efficiency of the best work scores. How- 
ever, as to individuals, this is variable, since some show 
greater sidedness in the average and some in the best- 
work-period method of scoring* 

A study of sidedness of the individual children with 
reference to the influence exerted by the changes of 
stimuli introduced in the series is presented in Table 6. 
These results show extreme variability between indi- 
vidual responses, This is most noticeable again among 
the girls who have already been reported as subject to 
the least uniformity in the practice series. 

The addition of the white stripe to the board might 
be expected to decrease sidedness since it indicates the 
center axis. Foot placement with reference to the line 
is also guided at that time. Five trials are probably 
too few in number to constitute a reliable basis for 
judgment in this test, Flowcver, in the five trials in- 
troducing the mid-axis stripe, only one girl, D, reduced 
sidedness, and that only 1.3 per cent. The other three 
vary about as widely as is possible. H increased right- 
side excess 5 per cent; F increased left-side excess Z per 
cent; E changed from right-side excess to left-side 
excess, making a total modification of 7,3 per cent. 
The four boys as usual show considerable uniformity, 
reducing sidedness in three cases 6,5 per cent, 4.2 per 
cent, and .8 per cent and increasing it in only one case 
by a mere ,7 per cent. The mean for the 9 children 
shows a 1.3-per-cent reduction of the amount of sided- 
ness recorded in the previous long practice series. 

The use of the arrow supplies a definite visual indi- 
cation of success in equilibrium. It may perhaps be 
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assumed to emphasize visual cues with reference to 
lateral oscillation and to give training in the use of 
such cues. In static equilibrium it has been found 
that the use of visual cues quickly corrects lateral sway 
(Miles, 118). It is perhaps to be expected there- 
fore that reduction of sidedness might result from this 
series. This expectation is borne out in the case of all 
but one child, reductions in sidedness amounting to 
l.S per cent, 4 per cent, 4.S per cent, 1.6 per cent, and 
3.1 per cent. One boy, however, for reasons unac- 
counted, increased his usual sidedneSs 17.8 per cent. 
Without this case, the average on a comparable num- 
ber of cases throughout shows an indication of a slight 
reduction — about 2 per cent — for the arrow series. 
With this case included, the mean shows an increase of 
sidedness necessarily rather than a decrease. 

Sidedness in the five control trials following use of 
visual cues again shows variable individual increase 
or decrease. The average of the three boys shows a 
4-per-cent decrease in sidedness in the control follow- 
ing the arrow-plus-line series. 

The total reduction in sidedness from the original 
long practice series through the white line and the 
arrow-plus-line series to the control is perhaps signifi- 
cant. Reactor D, beginning with the excessive 17.3- 
per-cent sidedness, has reduced this to 9 per cent, 6.S 
per cent of this reduction taking place in the control 
series following the use of visual cues. Reactor E has 
slightly increased her right-side excess, and Reactor 
F has slightly increased her left-side excess, though 
both had reduced this excess during the visual training, 
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One boy has increased his left-side excess 1.2 per cent 
in the entire time, though the two others show 3.6-per- 
cent and ,6-per-cent reduction. B shows the slight 
total decrease of .6 per cent in his left-side excess in 
spite of his phenomenal increase of sidedness during 
the arrow-pluS'line series. Not only that increase was 
lost but additional reduction was made when the visual 
stimulus was removed. 

The three boys of the children’s group who were 
given a short blindfold series show only a .9-per-cent 
average increase in sidedness. This blindfold series 
of three trials is probably too short to be indicative. 
The two adults in a series of 10 blindfold trials increase 
a left-side excess in the 24 practice trials by 5.1 per cent 
and a right-side excess by 8,9 per cent, Whether vis- 
ual cues play a greater proportional part with adults 
than with children in prevention of excessive sidedness 
is an interesting question which can be made clear only 
by further cxperi'mcntafion. It is of course possible 
that increase in sidedness of the blindfolded adults is 
merely a concomitant of the general disturbance in 
equilibrium occasioned by cutting-off of visual cues 
and not significant of the comparative relationship of 
any two factors of control. 

An analysis of tlie records of the four reactors who 
show exceptional changes of any kind in sidedness is 
interesting, particularly since in each instance there 
appears to be a relationship — though a differing one — 
to visual cues. These four. Reactors D, B, X, and Y, 
were all enthusiastic, interested workers. From the 
data at hand, D and X appear to be exceptional in body 
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balance as measured, by the balanciiiB-boflird. B and Y 
can probably be classed excellent. All were apparently 
in excellent health and had no defects, visual or other- 
wise. All four show unusually good physique and are 
skilful in general motor activities. A case history of 
each with reference to sidedness is presented. Parallel 
numerical records using grouping by five's for the 
closer study are given in Table 7, 

TABLE 7 

Variations in Sidudness tiirouch Learning SiiRiES in 
Equilipeium 

Differences ( percentage) j left minus right 


Trials 

Series 

D 

Average 

Best 

B 

Average 

Beat 

1- 2 

Practice 

.145 

.05 <; 

.029 

.107 

3- 7 

Practice 

.101 

.0(2 

— .004« 

.014 

8-12 

Practice 

.156 

.126 

.051 

,090 

13-17 

Practice 

.275 

,229 

.010 

—.023 

lB-22 

White line 

.165 

.196 

.028 

.053 

23-37 

Arrow + line 

.170 

.0296 

.239 

,291 

Z&-32, 

Arrow + line 

.121 

.0810 

.171 

.057 

33-3fi 

Control 

.080 

^.0824 

.012 

.053 

3 8-40 

Blindfold 



.034 




X 


Y 


Triala 

Series 

Average 

Best 

Average 

Best 

1- 5 

Practice 

--.043 

^,012 

—.0(9 

—.090 

6-10 

Practice 

—.039 

-^.03 H 

—.127 

—.IOC 

11-15 

Practice 

— .010 

-^.001 

—.060 

—.019 

16-20 

Practice 

.022 

.054 

—.036 

—.055 

21-24 

Practice 

.119 

.059 

—.031 

—.044 

25-29 

Blindfold 

.102 

.0S5 

—.112 

—.199 

30-34 

Blindfold 

.025 

.138 

—.19+ 

—.235 

35 

Control 

,143 

.072 

— .OBO 

— .U1 

3fi-38 

Retention 

.113 

.1B6 




•Minna sign denotes rig^ht-sidc encejiS. 


Reficiof D. Female. 4 j^eavs 9 nioiiihs, IQ 7/5 

Reiictor D holds the lug^hcst menu record for the children's group 
on the biisis of 24 trials. Her quite exceptional left-side excess of 
17.3 per cent has hem previously mentioned. Algo her reduction of 
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this excess to 8 per cent in sohscquciit trials has been stated. This 
moJification of 9.3 per cent in siilcdncss as show in Table 5 is 
greuter than that uf any utlicr child except U.^ It is true the control 
series of only 4 trials append from study of the records to be too 
short to indicate whether this as a more nearly permanent learning 
or a moincntaiy di.^iicc effect. 1/ we fallow D's record through 
from the beginning, however, tliis last reduction appears to possess 
some possibility uf significance. It will be noted in Table 7 that 
throughout the practice series D showed a strong tendency to in- 
creased 5idcdnes5i This was, Ijowcvcr, greatly cheeked by tlie ad- 
dition of the white line and the control of foot placement. The 
second five trials of the arrow series show a still further reduction 
in sidedness and also improvement in average score. Some basis 
apparently exists for the conjecture that the control of visual stinuda- 
lion as attempted in the arrow series may be associated with the 
reduction in sidedness in that series and perhaps also in the follow- 
ing control scries. 

The best single ^vork periods slunv throughout perhaps a slightly 
greater tendency tn uniformity of riglit and left. However, they 
show the same general tendency to increase of sidedness dviring the 
long practice scries. A sharp decrease fn difference between left and 
right is present in the arrow series. The best single records show 
even a reversal to an 8-pcr-ccnt right-side excess in the final control. 

Hy hnth methnds of recording, a change in general tendency ap- 
pears during the arrow series. The tentative assumption seems there- 
fore justified that in the case of D some control of visual cues may 
have acted ns a cause for reduetion of sidedness. Progressive train- 
ing effect may also have been present. 

Reactor /J. Male. 4 years 9 months. IQ 113 

Reactor H in the children group holds the rank of fiftit as deter- 
mined l)y the mean scores of 24 trials, He is, however, less than 
1 per cent below llic child ranking fcuirth. As observed, he appears 
to be one of the most skilful of the children in balancing. He was 

simws llie next greatest change with regard to sidedness. Her 
modifications may perhaps Up, iiirerrcd iu be more nearly referable 
to font position and inlluence of the white line, though some relation 
to visual cues is probably also present. 
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in general a tireless worker, though n playfulness occasionally ex- 
hibited may liavc lowered Ills total score. 

As shown hy the differences presented In Table 7, D exhibited no 
pronounced sidedneas at any time previous to the arrow series. His 
greatest left-side excess is 5.1 per cent shown in trials 8 to 12. His 
average sidedness in 22 trials preceding tlic arrow scries is 2i2 per 
cent, a left-side excess. 

Averages for the arrow series, however, reveal a left-side excess 
of 23.9 per cent in the first 5, reduced to 17.1 per cent in the 
second 5 of the scries with a negligible gain in skill during the 10 
trials. The control series of 5 trials following shows an immediate 
reversion to his former tendency to equalization in a left-side excess 
of l.S per cent. The control series also brings a jump of 4.6 per cent 
in skill which constitutes an unusually large gain for only 5 trials. 

It is possible that B, probably contrary to D, has already built up 
a reflex mechanism which used visual cues in a rather j?xpert manner. 
The arrow series may have greatly disturbed this previous efficient 
pattern of response, as assumed, thus causing marked increase of 
sidedness. The reduction of sidedness hy 6.8 per cent in the second 
5 of the arrow scries may be interpreted ns unusually rapid adapta- 
tion to the new pattern of visual cues. It U probably too much to 
assume that the almost perfect equalization and the marked gain in 
equilibration af the control arc partially a result of training during 
the arrow scries. Assuming a previous unusually efficient use of 
visual spatial cues, it can at least be stated that the training in the 
arrovv series effected no subsequent detriment to such a pattern. The 
reactor returned immediately to a much increased efficiency in bal- 
ancing and to a minimum evidence of sidedness. 

Sidedness is again increased during the blindfold series, though it 
cannot be said that it would not have increased without it, 

The trend as set forth in best single records is in general similar 
to that of the averages though changes frequently show up in a more 
exaggerated form. 

Detailed study of records for sidednesS can be said to show 
nothing especially remarkable other than a pronounced modification 
during the arrow series, This record does not negate a hypothesis 
that adequate control of visual cues may affect sidedness or that train- 
ing in the Use of visual spatial cues may tend to decrease sidednesa, 



MOTOR LEARKING IN liQUIUimiUM 


1B5 


Reactor -V, Alalc. Age 23 years 

Reactor X Is a niniit aclive tciuii^ mao of seemingly exceptionally 
quick response. He appearctl g;einiiiicly mtcrestcci in seeing how 
great n skill in balancing lie could Imiltl up. His willingness and his 
ability to expend cansisicntly the inaxinium of clTort through a long 
learning slm'Ics is uniisuaL Mis record of achievement on the bal- 
ancing-hoard appears ipiiic excepiinnal. 

Reactor X shows on the 24 practice trials an average sided ness 
of only .3 per cent, Imlicatliig an almost equal use of right and left 
sides. Howcvcri analysis of siilcdiicss from the beginning to the 
end of the cxpcrimcnial program reveals variations of some apparent 
significance* As recorded in Table 7, differences of left and right 
average scores sliow in the heginniog a 4.3-pcr-ccnt right-side excess. 
Tills rlglit-side excess is reduced by a fairly regular gradation to 
negligible quantity liy the end of IS trials. At the end of 20 trials it 
lias been reversed to a 2.2-pcr-ccnt left-side excess which is increased 
to a left-side excess of 11.9 per cent by the end of tile 24 practice 
trials. 

The marked increase in sidedness on these last 4 trials, together 
with a marked loss in cflicii'iity in halnnoing, furnishes some indica- 
tion that svitli this reactor reduction in sidcclncss is partially an ac- 
comiianimcnt of gain in ability. His previous regular decrease in 
sidcdneiis had accoiiipriniod a similar regular gain in balnncing-slcill. 

The gradual reversal from a medium right-side excess to a marked 
left-side excess presents a riirinus problem. That this is not a simple 
matter of chance is evidenced by tlic regular progression and by the 
change also in frequency of excess as tn daily trials from the right to 
the left side, The first 15 trials show J I with right-side excess. The 
next 9 trials show K wiili left-side excess. The same trend from 
right- to left-side excess is shown by the best single records though in 
these records a right-side excess is more nearly negligible from the 
beginning. 

Data of the lilifid/old series: apiiear to supply a clue as to the cause 
of this progressive change. When all visu.al cues arc removed, the 
trend is dcfliiitelv hack again tu^vard right and left uniformity. The 
first five trials of the liliiidfnid series slmw a l.7-pci'-ccnt reduction in 
left-side excess in spilt of this confusion of the rcspon.se pattern. The 
second a trials with the hliiiilfnliletl reactor's strenuous efforts to 
make a gain under those conditions show a rcinmkahlc decrease to 
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within 2.5 per cent of uniformity right and left. This reductiun is 
accomplished too by a dose equ?ility of riglit and )eit in cacli trial 
rather than by a large excels now on one side, now on the other. 
Trials 30 to 34, the last 5 of the blindfold scries, show the following 
left-right relationship in comparison with trials without blindfold be- 
fore and after (Table 8). 


TABLE 8 


Trial 

Series 

Left 

RiKl't 

Average 

21 

( 

Practice 
[no blindfold^ 

,2BS 

,145 

.215 

22, 1 

[no blindlold' 

1 .297 

-173 

.256 

23 1 

[no blindfold 

.362 

AU 

.27+ 

2+ 1 

[no blindfold 1 

1 .294 

.25/ 

.275 

30 

DUnd^Qld 

J2S 

,32+ 

.32+ 

2i 

Elindfold 

.346 

.321 

.333 


Blindfold 

.347 

.3+B 

.348 

33 

Blindfold 

.345 

.309 

.327 

34- 

Blindfold 

.367 

.303 

.335 

35 

Control 

.341 

.19B 

.269 


(no blindfold) 




The contrast of the equality riiown during the blindfold series and 
the marked sidedness exhibited before and immediately silter ^vhcii 
visual cues arc again permuted is of striking character, It is un- 
fortunate that it was necessary to base the final control upon only 
the 1 trial instead of upon a series of S or 10 trials. 

Three trials constituting si retention series, months later, show 
still an 1L2 -per-cent left-side excess. 

The most tenable theory to explain X*s history as to sidednesa ap- 
pears to point definitely to his pattern of visual cues, These were 
uncontrolled for the adults except during the blindfold series. A 
tentative assumption is perhaps permissible that something in his 
evolving habit pattern with regard to use of visual cues administered 
training favoring a left-side excess. This appeared bo be gradually 
overcome when visual cues were cut off, but to be immediately rein- 
stated with removal of the blindfold. This history appears to sup- 
port a hypothesis as to the influence upon sidcdiicss to be exerted 
by training in use of visual spatial cues. 
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ReaciQr y, Fematc. 4ge 20 years 

Reactor Y is unusually skilful in sports and in feats of motor co- 
ordination. Her proficiency in rldin^r the bicycle is rather remarkable, 
and she is also an accoinplished hnrscwonian skilled in jumping. Her 
mctliod of reaction on the balaiiciiig-hoard was not of the rapid-fire 
activity type shown by X. She showed a slightly slower but well- 
calculated, carclul effort. In attitude toward the test and toward 
her methods she was highly analytical. Performance throughout was 
consistently earnest and vigorous in spite of a train of circumstances 
probably soiiicwbat untoward a? far as test acfn'evciiicnt is concerned. 

Reactor Y's preference as to initiation of effort from the right is 
in line with that expressed by X. It is exactly opposite to the method 
used by the two children U and D, who worked with left foot down 
and right foot up and active, 

The results of this opposite preference, however, are much more 
marked in the case of Y than w'ith X. Y shows the right-side excess 
througliout, though again, as with X, an approacli toward right and 
left equality is strongly evidenced with increase in proficiency, Trials 
16 to 20 and 20 to 24 show a reduction of right-side excess to only 
3.6 and 3.1 per cent, respectively. Tlic two adults X and Y reduce 
sidedness a.s they increase in proficiency in an uncontrolled practice 
scries. On the other hand, the two children U and D in a series 
similar but not so lung show increase of sidcdricss with increase of 
proficiency. Individual differences as to methods of compensation 
appear to cover a broad range. 

Hnwever, removal of visual cues in the blindfold series serves 
markedly to increase Y's sidcdricss wliich in the continued confusion of 
the second 5 trials without gain in proficiency reaches the high mark 
of 19.4-per-ccnt right excess. Y‘shlindfnld record of marked increase 
in sided ness following a previous Icndciicy to^vnrd equality shows an 
effect exactly opposite to that exerted upon X. In his case, the blind- 
fold served to stabilize niomciitaiily an increasing tendency to sided- 
ness. 

Folhnving removal of the blindfold, Y returns at once toward her 
former amount of right-side excess. This is in accord with X's im- 
mediate return toward his previously established left excess. 

Several conjectures can perhaps he advanced witli regard to Y’s 
record as to sided ness. Certainly her preferences of position, her 
method of work, and lier giMieral results in sidedness arc exactly 
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opposite to those of D, for instance. Yj showing a riBht-sidc excessj 
can perhaps be said to be using the compensations connected with the 
left side of her body more expertly than those connected with the 
right. Her characteristics of fiidedness in equilibrium seemingly 
correspond to the characteristics of left-handedness though she is not 
left-handed- 

Among the nbsevvAhU (actots V/lucU he supposed tu 

be operative in producing sidedness arc weightj strciigthj skill, and 
visual spatial reflexes, as well as other more subtle influences, If any 
of these play an unusually important part in this ease to cause the 
right-side excess, it would seem to be soiricthitlg other than the visual 
reflexes. Though showing the right-side excess consistently before, 
with visual cues cut off, evidently some restraining influence is 
eliminated and a greater dominance of the factor producing the right- 
side excess occurs. Upon removal of the blindfold, visual cues again 
cause a quick return from the excessive sidedness, It may be argued 
that the IncreasR of right-side excess during tlic blindfold series simply 
shovrs general disturbance of the usual pattern and does not indi- 
cate anything with regard to the relative influence of different factors. 
This would hardly seem n valid argument in the ease of this prac- 
ticed, careful reactor. Also, why did it not operate to increase X’s 
marked left-side excess? Why, also, was it not noticeable in the 
blindfold series of the little boys who might, because so young, be 
expected to show more of a reaction of disturbance than an adult? 

The present data cannot provide a solution to the 
questions asked. Much further work must be done to 
solve the problem of the otigin of sided^^es^ and of the 
proportionate influence of the factors operative. Ob- 
viously, it is not a simple matter of greater weight, 
greater strength, or greater skill of the one side. Sided- 
ness appears to be the resultant of the algebraic sum of 
a number of subtle factors diflicult to separate. Some 
obviously have a counteracting effect and others appear 
to reinforce each other. Whether or not one factor 
acts to dominate is also a task for future determination. 
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The fact that modifications in sidedness do occur is 
significant. The fact that these occurred gradually, 
showing? progression over a length of time, is also sig- 
nificant. 

Study of these four case histories as to sidedness 
serves to emphasize the part played by visual cues. 
However, the type of influence exerted by visual spatial 
habits apparently varies considerably among indi- 
viduals. 

Sidedness is shown in another way not measured in 
this experiment. The amount of control exerted by 
the right side is, in general, apparently the greater. 
Descent governed primarily by the left side of the 
body appears to be more abrupt and forceful. This is 
evidenced by observation of the reactor’s performance 
and also by examination of certain details of the rec- 
ords, The records give some indication of a tendency 
to a certain amount of equalization of the force of 
descent with continued practice. However, direct evi- 
dence of this difference in control by the tAvo sides, 
since not measured by the apparatus used here, is not 
amenable to presentation. The addition to the appara- 
tus of a means for recording the relative force of 
descent on each side is particularly valuable in any 
study of sidedness, 

The results with regard to sidedness in equilibration 
as measured by the balancing-board may be sum- 
marized as follows: 

1. A general tendency toward greater efficiency of 
the right side of the body is shown. 
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2. Some individuals show greater efficiency of the 
left side. 

3. Variation between individuals as to amount of 
sidedness is considerable. 

4. There is some indica tion that sided ness decreases 
with increase in skill in equilibration. 

5. In this experiment girls showed considerably 
greater variation with reference to sidedness than boys. 

6. Individual differences as to pattern of method 
and preference are found, 

7. Difference in force of descent on the two sides 
is probable. 

8. Visual spatial coordinations apparently affect 
sidedness in different ways in different individuals. 

9. Sidedness appears to be amenable to training per- 
haps by use of visual cues. 

10. Apparently, newly acquired habits of sidedness 
in equilibration may persist for three months without 
specific practice, 

D. Control OF Foot Position 

Tables 9 and 10 show by means and by percentage of 
gain the effects of the attempt at control of foot posi- 
tion. The average gain for either boys or girls is 
slightly less in the white-line series than in the cor- 
responding period of practice with no such control. 
Study of individual scores shows that, two boys made a 
better gain in this segment than in either of the two 
previous periods. One shows a negligible gain and 
one even suffered a loss, The girls individually give a 
much similar variation. 
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TAIJLE 9 

Means for Praoticb and Wmite-Linb Series in 
Equiuurium 


Trials^ 

Scric6“> 

Rcftcior 

Sex 

3-7 

Praciicc 

fl -12 

Prnclicc 

13-17 

Frncticc 

ia » Z2 

White line 

D 

F 

J77 

.36H 

,361 

.361 

II 

F 

.•100 

.3ii4 

.347 

J0O 

E 

F 

.396 

.^07 

.400 

.377 

F 

F 

.422 

-373 

.39£ 

J75 

Mean 

F 

.399 

.3B3 

.370 

.374 

G 

M 

.W 

.377 

.354 

.360 

C 

M 

.395 

.3B6 

.370 

.369 

1) 

M 

.394 

.379 

.105 

.369 

A 

M 

.3H7 

.391 

.396 

.301 

Mean 

M 

.391 

.303 

.376 

.372 

Mean 

r*M 

.395 

.303 

.377 

.375 


TAULE 10 

PiiRciiNTAdn Ctain oh Loss m Practice and White-Line 
Series in Test of Equjureium 

Til a Is- 
Series- 

Reactor 

“> 

-> 

Sex 

H-12 

I'rnciice 

13- L 7 

I'raciicc 

lB-22 

While line 

B - Z 2 

Absolute 

gain 

1) 

F 

.0(19 

.007 

.000 

.016 

11 

r 

.016 

.037 

—.033 

.020 

E 

F 

—.011 

—.001 

,031 

.019 

F 

r 

.049 

—.023 

.021 

.047 

Mean 

F 

.016 

.005 

.0047 

.0245 

O 

M 

.012 

.023 

—.014 

.021 

C 

M 

.009 

.016 

.001 

.026 

11 

M 

.015 

—.006 

.016 

.025 

A 

M 

—.004 

—.005 

.015 

.006 

Mean 

M 

.ODH 

.007 

.0045 

.0195 

Menu 

l\Hi 

.012 

.006 

.00-16 

,022 
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Certainly no significant results can be said to have 
appeared from this attempt at control. The method 
used in the attempt does not pretend more than partial 
control, Presumably the white line strongly but cas- 
ually directs attention to the fact that there is a center 
axis. It locates the center axis as well as assisting the 
child’s concept of symmetrical placement. It was de- 
sired to accomplish this with a minimum of disturb- 
ance or inhibition of the preferred placement. What 
inhibition existed was probably concerned with the 
child’s desire to comply with the instruction to keep 
the feet an equal distance from the line in a position 
which was almost daily pointed out. This desire and 
the consequent direction of attention toward foot posi- 
tion could be a sufficient distraction to interfere with 
the performance. 

Ideas as to what may constitute adequate control of 
foot position in young children probably vary. The 
painted outline of the sole on the board at positions 
equidistant from the axis and the insistence that all 
children observe this same distance between the two 
feet does not appear to give equal advantage to all. 
Some may prefer a narrower stance, some a wider; 
while some may be exactly suited by the stance im- 
posed, A study of the preferred distances as used by 
each child might make it possible to estimate the indi- 
vidual’s preferred stance. Wide varicolored stripes 
placed parallel to the mid-axis and in symmetrical 
order might be used to assist the child without too much 
inhibition to take an equidistant position and to main- 
tain the same from trial to trial, Obviously the feet 
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must be free to make small adjustments. Any inter- 
ference with the fullest activity either by mechanism 
or by suggestion disturbs the general pattern and ham- 
pers the performance probably to a varying degree in 
different reactors. 

Preference as to width of stance appears to be rather 
generally developed by the seventeenth trial, Ob- 
servations as to this point were made throughout the 
program, The majority of the earlier records showed 
a wide stance, that is, 10 or maybe 12 inches. With 
practice this was narrowed rather rapidly to about 4, 
6, or B inches for the different children. A child who 
habitually used a narrow stance sometimes began with 
a wider distance but narrowed this after a work period. 
The individual child seemed to develop a quite definite 
feeling as to what constituted his "right" foot position. 
One boy wlien asked the routine question used in the 
control of foot position "Arc your feet right?" an- 
swered, "I want them just a little bit closer." He, 
together with the others, frequently worked metic- 
ulously to place his feet just where he desired them for 
the work, This meticulous quality and the feeling 
for precision in tbeinsclvcs may be considered as symp- 
tomatic of a considerable amount of distraction by the 
attempt at control. However, it is possible, too, that, 
while attention to this detail is during the time asso- 
ciated witli some general loss in achievement, yet some 
subsequent achievement perhaps may be attributed to 
an improved method of foot placement now become 
more nearly automatic. 

This last observation calls into question the validity 
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of the method used to measure the gain or loss presum- 
ably to be attributed to any one variation in the stimulus 
pattern, The measurement of the amount of gain in 
any one segment of a learning series offers didkulties 
within itself. The method chosen consists in throwing 
the series into groups of five for which mean scores arc 
set up. Since all scores in the balancing-board experi- 
ment are computed on the basis of 100 per cent, 0 be- 
ing a perfect score, the difference between the means 
for the groupings by 5 constitute a gain or loss in 
percentage on a constant basis of perfection. Certain 
inadequacies in this method are admitted since a loss 
in one "S" may be followed by a seemingly more than 
legitimate gain in the succeeding “5.*’ However, er- 
rors of this nature are not obscured but are readily 
observable. Approximate correction is readily made. 

However, the question of the validity of the esti- 
mated loss or gain as measuring an increment assign- 
able to influence of foot position or of visual cues alone 
remains unsettled. In general, it may be assumed that 
a significant modification in response associated with 
a series characterized by a modification of the stimulus 
pattern may indicate potential causal relationship. 
However, in a complicated activity such as equilibrium 
there are many counteracting factors. Also, there is 
no clear evidence that by some mechanism of sumina- 
tion or of maturation with exercise a modification 
which at the time introduced apparently is associated 
with loss may not be partially responsible for a gain 
at some subsequent period. 

These two important discrepancies with regard to 
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the method of analysis of loss and gain in the course 
of the learning series arc recognized. The necessity for 
certain allowances is frankly admitted. Nevertheless, 
for the present purpose, this simple method is consid- 
ered more suitable than the more complicated formulae 
for computing rate of increase in the segments of a 
learning curve. 

The changeable factor of motivation is also to be 
considered with reference to comparison of gains and 
losses from group to group within the series. It is 
doubtless true that certain variations in the series 
served to increase motivation at the time introduced 
and so the results arc clouded by the variations in mo- 
tivation. However, to carry through so long a series 
with the kind of activity tested and using young chil- 
dren appears to be practically impossible without sufli- 
cient variation to keep up motivation. Also, a long 
learning scries in which motivation gradually declines 
is subject to the same or even worse difliculties of in- 
terpretation. Every effort was made throughout to 
keep up a high motivation. That this failed at times 
is probably indicated by the loss recorded by both 
adults in trials 21 to 24, It is possible that a part of 
the general loss recorded by the children for the period 
of the use of the white line is due to boredom. The 
detail of the addition of the white line does not appear 
to have much motivating jiowcr, Although it is im- 
possible to estimate relative motivation, yet it is be- 
lieved to liavc been fairly regular throughout except 
perhaps through trials I.I to 22. lAiring this period 
there niit)' liave been a slight decrease, not in any way 
noticeable with all children. 
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Motivation differs between the children also. F 
and C show the least motivation throughout, seemingly 
due to the infrequency of successes and the effort 
necessary for achievement. On the whole, however, 
they were cheerful and worked with pleasure. A, 
although he told his mother he didn’t think he was 
very good at balancing, was always most cheerful and 
persistent. E, in spite of quite evident disappoint- 
ment at times because of inability to hold, worked with 
energy and exceptional persistence. Her gratilication 
when she at last began to have some feelings of success 
seemed effective in spurring her to still greater effort, 
D, who holds the best record throughout, can be said 
also to have shown the best and most consistent motiva- 
tion as compared with the other children. A slightly 
easier test of equilibrium in which all children can 
sense achievement ■will probably more nearly equalize 
motivation both as between reactors and as between 
the progressive series. 

E . Control of Visual Cues — Awiow Series 

The data of Tables 11 and 12 present the results of 
the arrow series. Mean gains of the six children who 
completed the series are shown to be slightly higher 
In the two groupings of this series than in any group- 
ing of a preceding series. The absolute percentage 
gain for trials 23 to 34 is 3.1 as against 2.2 per cent 
for trials B to 22. The boys’ absolute gain exceeded 
the girls’ by 1.4 per cent in the arrow and control scries 
while the girls’ absolute gain exceeded that of the boys’ 
by .5 per cent in the practice and white-line series. It 
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TABLE 11 

JIhans for IVidTii-LlNE AND Arrow Series in 
Test or Equilihrium 


Trials"^ 

Series^ 

RcQcinc 

Scr 

lH-22 

WJiiie 

line 

23-27 

Arj’oiv 

28-32 

Arrow 

33-34 

Cofilrol 

I) 


.361 

.345 

.335 

.328 

E 

F 

.377 

.354 

.333 

.335 

F 

F 

.375 

.39B 

.403 


Mean 

F 

.371 

.364 

.357 

.347 

C 

M 

.369 

.332 

.347 

.353 

w 

M 

.369 

,364 

.366 

.320 

A 

M 

.3St 

.369 

.332 

.331 

Menu 

M 

.373 

,355 

.348 

.335 

Mean 

FA:M 

.372 

,359 

.352 

,341 


I'AHLE 12 


Peucentaoe Gain 

Sl'.HlKS 

oil L 0 .S.S 
IN I'UST 

IN WlllTli-LlNl! 
or EduiuniuuM 

AND AkROW 

Trlals“> 

Series— > 

RcdCltJr 

Sex 

21-27 

Arrow 

23-12 

Arrow 

23-32 

Tolnl 

arrow 

gain 

33-34 

Cuntrul 

23-34 

AbaoUitc 

gftlo 

n 


.016 

.010 

.026 

.005 

,031 

K 

F 

.023 

.021 

,0H 

—.002 

,042 

F 

F 

—.OKS 

—.010 

—.028 

.027 

—.001 

Mean 

F 

.007 

.007 

.014 

.010 

.024 

C 

M 

,037 

—.015 

.022 

—.006 

.016 

li 

M 

.005 

—.002 

.003 

.046 

.0+9 

a \ 

M 

.012 

.037 

.049 

.001 

.050 

Mean 

M 

.018 

.007 

.025 

.014 

,033 

Mcnti 

F&M 

.013 

.007 

.019 

.nil 

.031 


iiiRy be possible (but the boys show significant superi- 
ority in skill in the arrow series. Superiority in this 
arrow series may be coiistrucil to indicate superiority 
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in educabiUty of visual ceflexea or superiority ia ability 
to resist disturbance of the usual pattern otj again, su- 
periority ill some other unidentified factor. The boys, 
A and B, made gains of 5 per cent and 4.9 per cent, 
respectively, in trials 23 to 34 as against the girls' high- 
est gains of 4.2 per cent and 3.2 per cent as scored by 
B and D, F, a girl, the poorest in general score 
throughout the entire test, registered even the negli- 
gible loss of .1 per cent in this same time. Four 
children of the six completing the arrow series made 
in this series their greatest gain for any group of S 
trials. This highest gain as registered by each of 
these four reactors was approximately twice the next 
highest gain registered by that reactor. As judged 
in the small number of cases, there appears to be some 
evidence for an increased rate of improvement during 
the arrow series. 

An increase in learning during control of visual cues 
is in accord with the educability of visual reflexes in 
manual localization. Maxwell ( 101 ) , as well as Mag- 
nus and de Kleijn (96, 97), has demonstrated the 
direct relationship of the compensatory reflexes of the 
eyes to bodily orientation in space. It is possible, how- 
ever, that the learning series here should include 15 or 
20 rather than only 10 trials, Also, there are defects 
in the experimental program itself and in the device 
of the moving arrow with reference to showing forth 
clearly the effects of visual cues. It is believed that 
for this purpose all moving and fixed parts of the ap- 
paratus except the balancing-board itself should be 
screened with a mat surface of a homogeneous char- 
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acter such as to eliminate spatial cues in so far as 
possible, A training period with the child facing a 
large smooth flat screen might seem to constitute some 
approach to a zero condition, For visual cues the use 
of four fixed colored rods set in diamond formation 
with two opposite points exactly in line with the mid- 
axis of the board scems to have advantages over the 
moving arrow. Their distance from the child, the 
continued use of the homogeneous background, and 
adequate control also appear important. In such a 
set-up a device for fixation and for a control by 
increase of small eye movements are also possible 
additions which have bearing upon the same part of 
the problem. 


F . Blindfold Series 

The results from tlie blindfold scries afford some 
additional iiiforniation as to the role of the visual 
spatial coordinations. Tables 13, 14, IS, 16, and 17 
give the data for the three boys of the youngest group 


TAULE 13 

Mean.s and Pi-ueiiNTAOi: ho.ss and Gain for IIlindfold 
AND CoKTRoi. ,Si:iiiHs IN Kquilihrium (Childrln) 


TrialH-> 33-37 a-S-in 

Series— > C'omtnl llliiHl- 

fiild 
Hc- 

Hclor .ScT Arc 





% fialii 

% 1053 




lilind- 

blindfold 


41 


foKI 

from 




over 

LmKt 



% 

|iooresl 

nverage 

% 


fivern^e 

□f 5 

IlMH 


Roin 

of 5 



A M 5:0 .332 .3J3 — .«2I .35S —.002 .0+3 —.021 

1) M .i;I ,12(i .31'3 --.033 .31(1 .009 .035 —.033 

C M .1:10 .315 .3.S2 --.037 .3f,+ .018 .013 —.050 


.33+ .305 —.03(1 .31fi .OOB .030 —.03 5 


Mean M <1 ;*) 
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TABLE J4 


Means for Practice Series in Equilibrium (Adults) 


Renctor 

ThqIs—^ 

Sex Age 

1-i 

6-10 

U-15 

16-20 

21-24 

X 

M 

2i 

.315 

.260 

.2SH 

.23 5 

.250 

Y 

F 

20 

.314 

.335 

.302 

.2S9 

.299 

Menn 


Adult 

.329 

.297 

.2110 

.261 

.274 




TABLE 15 




P'BRCE'NTARli GMN OR LoSS IN PRACTICE SERIUS 

IN Equiliqrium 




(Adults) 




Trinla 



6-10 

IMS 

U-20 

21-24 

S-24 

Reactor 

Sex 

Age 





Absolute 








gain 

X 

M 

23 

.017 

.Oo;2 

.023 

—.015 

.067 

Y 

P 

20 

.009 

.033 

.01+ 

—.oil 

.045 

Mean 


Adult 

.033 

,017 

.019 

—.013 

.056 




TABLE 16 




Means for 

Blindfold and Control Surtbs in Equilibrium 




(Adults) 




Trials 

-> 



21-24 

25-29 

30-3+ 

35 

Series 




Procticc 

niind/old 

1 Blindfuld Conlrol 

Reactor 

Sex 

Age 






X 

M 

23 


,250 

.33B 

.333 

.269 

Y 

F 

20 


.299 

.35^ 

.359 

.2+1 

Mean 


Adult 


.27+ 

,348 

.346 

.255 




TABLE 17 




Percentage Gain or Loss in 

Blindfold and 

Control Series 



IN Equilibrium (Adults) 



Trials 

-> 


25-29 

30-34 

35 

% loss 

% loss 







blind- 

blind- 







fold 

fold 

Series 



BliniUold Blindfold Canirol from poor-' 

from beat 







cat nvernge 

ftvernge 







of 5 

of 5 

Reactor 

Sex 

Age 






X 

M 

21 

— .OSfl 

.005 

.0(74 

—.023 

—.103 

Y 

F 

20 

—.059 

—.001 

.UB 

—.014 

—.070 





.XrtlQ 

.m 

—.Dll 

— 
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and for the two adults. The expected loss appears in 
a quite uniform manner with the children, showing an 
average loss of 3 per cent for the thVee blindfold trials 
as compared with a previous control series. The chil- 
dren’s slow gain upoji removal of the blindfoJd is 
notable, though the very slight loss by A at that time 
is probably only an interesting chance occurrence. 
The average score during the blindfold scries is seen 
to be somewhat better than the poorest average of 5 
trials as made by any of these children. Also the same 
comparison with the best average from a 5-grouping 
shows the blindfold average considerably below the 
best. 7'he difference from the poorest records varies 
from child to child as portrayed in Figure 4. It might 



400 J60 J/0 JW D&O 2(0 240 220 200 

I'lGURE 4 

Grai*h S/inwfKft CoMJMRA'nvK IhjNU^mn Dwcrkmknt ik Equi- 
librium nr AuuL'r.v X and Y akd Childrek A, B, and C 







appear that C, the child who shows the least difference 
between blindfold and poorest^ uses visual cues to best 
advantage and places more emphasis perhaps upon that 
factor than upon proprioceptive or vestibular stimuli. 
This conjecture receives further support from the fact 
that this same reactor, C, made a good gain during 
the arrow series. On the other hand, A, who made 
the greatest gain — 4.9 per cent — in the arrow series, 
shows the greatest difference between his blindfold 
records and his poorest average of S* It might there- 
fore be inferred that A's means of gain in this learning 
ptogc'inv hive. teen. ttcougU tU eye cefleices but alsa 
even more through other mechanisms, B shows about 
an even division between the effect of vision and of 
other influences in this learning program. 

The loss in efficiency as experienced by the adults 
in the blindfold series is even more marked than that 
of the children. In fact, the performance on the bal- 
ancing-board as shown by the blindfolded adult is only 
moderately better than that of the blindfolded S-year- 
old child. Averages of the three children against 
averages of the two adults show an adult superiority 
of only 1.7 per cent when blindfolded. Also, the 
blindfold record of both adults is poorer than their 
poorest average oi 5 as shown graphically in Tigure 4. 
Both adults show what can undoubtedly be called a 
large difference between their best grouped average 
and their blindfold averages. Can it be inferred from 
these comparisons that practically all of the relatively 
larger gain by adults in this learning program in equi- 
libration is due to the modifications having to do with 
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eye reflexes? On the other hand, do the data of the 
three boys of mean a(jc 4 years 9 months indicate that, 
while learning capacity in equilibration is due to edu- 
cability of visual spatial coordinations, yet at that age 
other factors exert practically equal influence? 

That the prcjprioceptive responses having to do with 
equilibrium arc capable of training in the adult is 
demonstrated by the achievements in reeducation of 
Franz (38), Maloney (98), and others. Reactor X 
shows a very slight perhaps negligible tendency to gain 
in eflicicncy in the second 5 of the blindfold series. 
Maloney, in his work with blind tabetics, attributes 
dominance in bodily integration of movement to visual 
sensations and sensations of eye movement. Franz, 
while admitting the importance of visual and visuo- 
motor sensations for bringing about certain important 
finer coordinations, docs not concede them the degree 
of preeminence ascribed by Maloney. Franz states, 
however, that the professional dancer and the acrobat 
can frequently continue their occiqiatioiis for a long 
period after the beginning of lahes /lorsniis. This fact 
would seem to emphasize the extraordinary compen- 
satory power of eye reflexes since in tabes the proprio- 
ceptive responses of the lower limbs are frequently 
much impaired. The present data, in so far as adults 
are concerned, tend It) support the theory of a general 
dominance in equilibration by the visual and visuo- 
motor coordinations. 

Visual and visini-muttir dominance in the integrative 
pattern of eijuilil^ration i.s not, however, so clearly ap- 
parent in cliildreii at the age te.stc(l. Exploration of 
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the implications here with reference to maturation 
brings out several interesting facts, Scamnion (47) 
finds that, judged by size and weight, the nervous sys- 
tem and its related structures exhibit an "initial phase 
of rapid growth followed by a slower terminal one, 
although the duration of these two periods may be 
very different. . . . Ifi all instances these structures 
have attained above two-thirds of their adult size by 
the close of early childhood. . . , This type of growth 
is characteristic of the brain as a whole, of all its 
various parts and the membranes covering it, of the 
spinal cord, of the eye as a whole and its several parts, 
of the several parts of the auditory mechanism and, in 
all probability, of the ocular muscles." Scamnion's 
curve of neural growth shows approximately 20 per 
cent of the increment occurring between the ages of 
\y 2 years and 20 years. That the compensatory eye 
reflexes of children of this age are subject to a certain 
amount of training with reference to eye and hand co- 
ordination is evident from data of these same reactors 
in a controlled aiming test* used in another experi- 
ment (12). Comparative data of the rate and the 
final efficiency of learning of adults in the aiming test, 
since not related to the purpose for which that test 
was used, have not been secured. Such data appear 
to have importance, however, for the present discussion 
as to comparative educability of eye reflexes of chil- 
dren and of adults. It is possible that the greater 

■‘Cginplete data of the controlled niniinu test arc filed as a part 
of the author's Pli.D, dissertation in the librnry of The Johns 
Hopkias Uo.[ve,mty* 
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immaturity of the visual and the eye-niuscle reflex 
mechanisms in the child causes tliesc to assume a smaller 
proportional part of the responsibility for integration 
of body movement in equilibrium. The apparent 
dominance of visuo-motor reflexes over the other re- 
ciprocal influences governing equilibrium in the adult 
may represent a proportional influence present only in 
the mature structures. In this connection investigation 
as to the relationship existing between the contributing 
influences in the equilibration of the 8-year-old child 
may hold special interest. The S-year-old boy, it will 
be remembered, gave evidence of an unusual gain in 
skill apparently associated with his age level, Al- 
though much additional work must be done for any 
conclusive results, data at hand from the balancing- 
board point to signific.mt indications regarding differ- 
ential maturation of structural mechanisms Influencing 
equilibration. 

G . Kyu Fixation 

In discussion of the control of visual cues, mention 
should be made of eye fixation. Although common 
experience shows an increase in steadiness with fixa- 
tion, no attempt at such control was made in this pro- 
gram. Obvious difliculties arise as to the adequacy 
of a method of control suitable for use with children. 
Most of the reactors did build up more or less of a 
habit of watching some particular point. They usu- 
ally looked down at Some moving part of the apparatus 
which liad a relation to the mid-axis. One difficulty 
in the use of the arrow scries existed in the child’s con- 
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flict between previous tendency to look down and his 
desire to comply with the new requirement. The 
moving arrow evidently had some interest value to 
the child, However, that the habits of eye direction 
already formed had some real hold upon the children 
is probably shown by their remarks upon removal of 
the arrow at the end of the scries. Several statements 
such as "I like it better this way," and "It's easier this 
way” were volunteered. 

One child, D, the girl holding the best record of 
the children's group, may perhaps have formed a 
habit of fixation which was used frequently. Her 
face during work periods consistently took on a set 
sort of “unseeing” expression. This same appearance 
is noted time after time on her records. It may be 
interpreted to denote — if anything — any one or a com- 
bination of several conditions, namely, eye fixation, 
concentration of attention, or an "inward” attention to 
kinaesthetic cues. It is believed that this reactor, un- 
knowingly, of course, quite frequently employed fixa- 
tion to the advantage of her Score. 

It now appears of advantage to screen all the moving 
parts of the apparatus which serve as visual cues and 
also which disintegrate fixation. A small point of 
colored light could be arranged in connection with the 
nearest of the colored rods suggested for controlling 
visual cues or on a fused background without the rods. 
A definite perhaps revolving means of disturbance of 
fixation could also be devised which seems to have 
possibilities of possessing approximately the same 
value with regard to concentration of attention. 
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The height of any device for fixation or indeed for 
control of visual cues is shown to be highly important. 
An effort can be made to find a point sufficiently high 
to obviate any tendency to bend forward and yet low 
enough to place the edge of the balancing-board within 
peripheral vision. This lowering of the fixation point 
is probably advantageous even with the screening of 
the movable parts, though the devices used should leave 
the chin free and the neck straight. 

Data with regard to control of visual cues during 
performance on the balancing-board may be sum- 
marized as follows: 

Arrow Series 

1. The arrow series as a means of control of 
visual cues is accompanied by some tendency to in- 
creased rate of improvement. 

2. Boys slunv greater improvement than girls in 
the arrow series, 

3. No evidence is present to negate reference of 
increased gain during arrow scries to educability of 
eye reflexes. 

Blimlfold Series 

1. Blindfolded reactors, both children and 
adults, show marked loss of efficiency in equilibration. 

2. Blindfolded boys of mean age 4 years 9 
months suffer smaller proportionate loss of efficiency 
than blindfolded adults. 

.3, When blindfolded, young boys retain part of 
the increment made in recent learning scries; blind- 
folded adults lose all tliis increment and suffer even 
further loss. 
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4. When blindfolded, adults show negligible 
superiority to young boys blindfolded, 

5. As judged by difference of blindfold average 
from poorest former averages, young boys show varia- 
tion in amount of decrement by blindfold. 

6. Data indicate greater proportionate emphasis, 
during learning, upon visual spatial coordinations by 
adults than by boys of mean age 4 years 9 months, 

7. Present data show no inconsistency with facts 
as thus far gleaned, of differential maturation, or of 
educability of structures concerned in reciprocal in- 
fluences governing equilibrium. 

8. Data emphasize need for evidence regarding 
control of eye fixation. 

H . Retention of Skill in Equilidiuum 

Data of the short retention series given after an 
interval of 3^ months with no specific or similar 
practice are presented in Table 18. The observation 
of Hicks (S7) with regard to structural maturation 
is also applicable on the subject of retention. The 
reactors had no practice on the balancing-board or in 
any complex skill resembling this during the time 
elapsed. However, the countless body movements of 
everyday life incessantly call into play all of the 
structures and mechanisms operative in the balancing- 
board test. Continued practice in all the elemental 
and even the more complex activities of static and pro- 
gressive equilibrium is recognized, even though the 
exact combination is not that required for proficiency 
on the balancing-board. 
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Reactors X and A are both seen to have exceeded 
their best grouped average in the practice scries. The 
adult gain is a negligible .1 per cent. The S-year-old, 
however, has gained 2 per cent in efficiency which 
again brings up the question of maturation. The 
poorest of A's three retention trials is equalled or ex- 
ceeded only twice in his whole practice series, on trials 
37 and 39. He reverses a 5-per-cent left-side excess 
to a 2-per-cent right-side excess. 

Reactor X, the adult, shows the interesting phe- 
nomenon of almost 1 00-per-cent retention. The poor- 
est of his three retention trials was exceeded first in 
trial 14 of his practice series, again in trial 19 and 
thereafter in only 4 trials. His best retention trial was 
equalled or exceeded only three times in his 35 trials 
of practice, blindfold, and control. He retained the 
marked left-side excess seen in the latter part of the 
former series. 

The retention score of Reactor O, the IZ-yenr-old 
girl, shows a loss of 1.2 per cent, though the averages 
of her practice scores were of necessity irregular and 
thus not comparable to the regular grouping by S's of 
the other reactors. She states quite enthusiastically 
that it seems easier and reiterates this. She shows a 
reversal to a right-side excess which may be moment- 
ary, existing only in the short series. In addition, on 
her twelfth birthday, several weeks following her last 
practice trial and approximately two months before 
the retention series, she had cast aside her flat tennis 
slippers and had begun wearing Cuban heels. Her 
loss of efficiency may be due to the disturbance thus 
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occasioned in the anterior-posterior position of the 
center of y;ravity and thus in her postural reflexes. 

Results of tlic retention series given after an interval 
of 354 months without practice are summarized as 
follows; 

1. A 23-year-old man retained newly acquired skill 
in equilibrium after P /2 months to the extent of ap- 
proximately 100 per cent. 

2. A S-year-old boy not only retained his former 
skill in lolo, but within the 3 retention trials registered 
an increment of 2 per cent as compared with former 
best efforts. 

3. A 12-year-old girl showed a loss of 1.2 per cent 
in retention. Change to Cuban heels during the in- 
terval clouds the issue. 

4. The 12-year-okl girl reversed sidedness to right 
excess in retention, but data are insuflicient to deter- 
mine whether momentary or significant. 

I. CoNTiiOL OF Attention 

Variations in attention, even though slight or most 
transitory, appear to have an immediate and highly 
disastrous effect upon performance on the balancing- 
board. No control of this factor was attempted. Ob- 
viously, hou'cvcr, the observation of the moving arrow 
exerted some control upon attention though intro- 
duced for other purposes. The effects of this are not 
separable in the records. 

On the basis of subjective judgment the following 
statements as to tlic concentration of attention by the 
reactors in this e.xperimcnt can be made. The two 
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adult reactors and N and O appeared to give excellent 
attention throughout with relatively little deviation. 
M was soirtvewUat disttactible an.d talkative, D, as 
previously mentioned, the best reactor of the group of 
young children, appeared definitely to give a quality 
of attention considerably superior to any other member 
of that group, B and also G are considered to have 
lowered their records somewhat by a type of distrac- 
tibility which showed itself in an occasional tendency 
toward playfulness. G was also inclined to be talkative. 
I, whose record is next to the lowest in the group shown 
in the table giving age differentiation, is ranked by 
observers on the playground as probably superior to 
all the other children in body equilibrium and feats of 
agility. Her relative disintegration with regard to 
attention is believed to account for her low rank in 
the test of equilibrium. 

The above observations reveal a need for develop- 
ment of suitable methods for control of attention. For 
the most dependable results a sound-proof room is 
probably desirable. Sound is believed to have a gen- 
erally disintegrating effect upon this activity. The 
roar of a truck on the road, the chirp of a cricket, 
thunder, rain., the chiming of the clock in the tower, 
all are sufficient to cause fluctuation of attention and 
consequent simultaneous loss of equilibrium. From 
the present experimentation, attempts at control of at- 
tention by visual, perhaps lighting, effects are con- 
sidered to involve fewer conflicting factors. The 
complication of a method of this kind by influences of 
eye fixation and eye movement is to be kept in mind. 
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FearinK’s (.^4) use of simnd dislractiDii with conse- 
quent impiovuniciil in static equilibrium is highly 
interesting. For the balanciiig-boartl test, the use of 
sound for distraction may have some value. Some 
slightly dilTuse visual pattern such as the tin cat used 
by Brown'' for a ililTerent purpose appears to have 
interesting possibilities especially because of the im- 
portance of visual relle.xtvs in ci]uilibraLi()n. The light- 
ing-up of the two eyes prevents complication by resuUs 
of fixation. Th.e cat is in itself interesting to children. 
The task of watching for and perhaps counting the 
occurrence of the lighting-iip of the cat’s eyes as 
arranged at Z or irregular intervals in the .'^G-sccond 
work period tvould appear to offer a practical means 
of distractu)n to cliihlren of 4 or 5 years. 

/. QiJAI.ITATIVK DH-I'KKKN'CKS I.\ PA'ITHRN 

01' Rkactkin 

Individual children, and adults also, e.vhibit marked 
qualitative dirfL-rciices in reaction pattern during 
activity on the hulancing-hoard. These ditferences in 
characteristic movements and in variety of movemcius 
employed were recorded daily on the record as ob- 
served. They are presented in picture form in Plate 
I, since the pictorial representation brings out the 
differences in a much more realistic manner than is 
possible by mere words. The pictures are enlarge- 
ments made from sludy of a sliort nioving-idcturc (ilm 
taken of each child as well a.s of ihe iwo adult reacinrs. 

’'llrnwn, 31, W. I IrviiT ilcsi'iMicd in (Jiihl Di'rrlo/mii'iit , I'MI). 
I, 2(1(1. 
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Y 


X 

PLA'l’li 1 {ciintiniifd) 

The method of selection avus uniform throiij^hout and 
biiscd on effort to show characteristic poses, as wide a 
vai iety of poses as possible and poses related to differ- 
ent positions of the balancini^-board with regard to 
left, right, and center. The group presented of each 
reactor is believed to constitute a fair representation 
of the activity of that individual except in the case of 
the boy (j. Reactor O apparently experienced such 
jri'cat pleasure at tlte thouglU of having his “picture 
taken" ihat be became Viigfdy seU-conscious. '^rbese 
eiiiotional coneomitants served somcAvliat to inhibit his 
freedom and amount of activity on the balancing-board. 

In order not to affect tlie learning scries, the pictures 
were taken at the completion of the program by each 
chilli. 'J'hey shoAv the pattern as developed after a 
cDiisiderahlc length of practice, at least 24 trials for 
every child hut Reactor 1, Avho had been available for 
only 22 trials, 'rhroughniit the learning series there 
is noticeable a progressive ilvange in the pattern Avith 
an incveas'mg smooibing-nul oi tbe eaiiy extreme, 
erratic, and cMraneoiis movements as control is devel- 
oped. 'J'lurse pii’iures are du'iefore to be considered 
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as represcntinjj a somcwlial adviiiiccd mode of reaction 
which has gone through a relatively great luimher of 
moclihcatioiis and rcfincnienis. 

The pictures are arranged in rank order on the basis 
of the 24 trial averages, the best reactor at the top. 

Reactor D( at the head of the list, e.xhihits the free- 
dom and variety of integrated controlled movement 
characteristic of the star performer. Her free arm 
swing, use of either arm, now forward, now buck, notv 
high, now low, and the extreme plasticity of her whole 
body movements arc all characteristic. This wide 
variety of uninhibited movements was picsent from 
the beginning and seemed to increase as her great 
activity brought out new useful combinations. Wide 
fanning movements of the arms were notcil from the 
beginning and toward the end of the scries the right 
whole arm or forearm frequently made complete cir- 
cumferences. She, X, also a star performer, Y, and 
H were the only reactors who developed the complete 
circling, sometimes rapid, sometimes slow, of the right 
arm or a segment of it. D, Y, and X used it more 
frequently, more effectively, and in a greater variety 
of combinations. H used it only with tlic whole arm 
and that just before the last. 

Reactoi X, the man, showed free and varieil move- 
ment of arms and body from the first. It was because 
of this spontaneity and smooth control that at the be- 
ginning of their white-line scries each child was given 
the opportunity to watch this skilled reactor for 
minute. This privilege als() probably had motivatiem 
value, for the children were very fontl of liim and 
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liked to play a game in which this man was interested, 
Some of the children did, without instruction, after- 
ward take on some greater variety of movement, B 
got the definite idea from seeing X that "waving the 
arms" was part of the game. He started in enthusi- 
astically to wave his arms whether or not the move- 
ment bore relation to his adjustment on the balancing- 
board, Early results were amusing, but the increase 
in arm movement rather quickly found relationship to 
body balance and became a part of his general pattern. 
C, after seeing X, seemed to try definitely to use more 
arm and body movement. However, he soon lost this 
tendency and came back to his previous characteristics, 
showing a minimum of arm and body movement. 

G, for a reactor who attacked the task with boisterous 
and vigorous method, showed a surprising lack of 
variety in movement. One especially peculiar devel- 
opment became characteristic. His arms were held 
stiff at the elbow much of the time. This was particu- 
larly noticeable in the left and was accompanied by 
fingers held close together and stiff like a paddle. This 
stiff paddle then seemed to act something like a rudder. 
With the little-finger edge always toward the body, it 
was moved jerkily to right and left in front of him or 
backward and forward beside him while the right arm 
assisted in an almost horizontal position. His progress 
in learning was characterized by seeming dependence 
on certain "systems" operative for 4 or S trials perhaps. 
These usually were more concerned with combinations 
of movement of foot, ankle, and knee. One favorite 
was from a position down at left to make a quick jump 
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up to equilibrium and attempt to hold it, This was 
frequently successful, but finally faded out. 

H shows movement in general similar to that of D, 
though she is considerably less active and more in- 
hibited as to both body and arm movement. She 
developed a peculiar habit of lifting the right toe from 
the board and standing on the right heel when bal- 
anced, Her left foot was more active than her right. 

A Was always careful and conservative in his move- 
ments. 

E and F both, even at this late stage in practice, 
show Severe body contractions though with a consider- 
able variety of movement. The extreme effort notice- 
able in their pictures is much different from the smooth 
poise and control evidenced with D. E shows tension 
in widespread fingers; F shows it in tight clenched 
fists. By this stage, most of the children while using 
their hands freely have lost the extraneous movements 
of clutching and grimacing. These two poorer re- 
actors still show it in marked degree, F particularly 
using extreme contractions in a wide variety of com- 
binations. 

I is the only child who consistently preferred the 
wide stance with knees bent forward and slightly 
abducted and arms akimbo on hips. Her movements 
are free and unrestrained but considerably less in 
variety than those of D. They have throughout a 
ludicrous clownish appearance, much different from 
the smoothness, beauty, and grace exhibited by D and 
to some extent by H, Although I's movements are 
jerky, quick, and highly erratic, they give the appear- 
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ance of relution to body balance, The observer is in 
the position of always expecting her to make an extra- 
ordinary success which she never makes, 

Most of the reactors show a habitual slight bending- 
forward at the hips. This is believed to be more 
marked with Y and with O. (Pictures of 0 are not 
shown,) Pronounced forward bending of the head 
is noticeable with several children and also with Y. 
It is believed to be associated with disadvantageous 
contractions rather than with freedom and control. 
The pronounced forward bending of the head with 
y is probably due in great part to her use of certain 
visual cues from the moving parts over the axis. It 
may, however, be due partially to the wearing of high 
heels. Her movements other than of the head were 
free, varied, and unusually smooth and well controlled. 
D is the only reactor, either child or adult, who shows 
freedom of head movement. 

From study of the qualitative differences in body 
movement, as observed in these reactors, it is believed 
that increased activity tends perhaps to bring out a 
greater variety of combinations and so to tend toward 
greater skill in a way not solely related to speed of 
reaction. As is to be expected, extreme contractions 
accompany less skilful performance. Smooth move- 
ments apparently associated with less effort accompany 
control in equilibrium. Distal contractions and other 
extraneous movements are more noticeable in the less 
skilled performance. 
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K. Reliability 

Since the small amount of data and the variations 
in the series render a reliability coefficient of qviestion- 
able value, such a calculation is omitted, Table 19 


TABLE 19 

Rank Order in Succnssivn GnoupiNo of Series 
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Rank Order in 

Successive Variations of Series 


Rank c 
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.340 
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.332 
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*D, 4 trials; E, S trials; F, J trials, 
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shows the rank order of the reactors In successive seg- 
ments of the learning series. Though there are con- 
siderable variations, it is true, yet D is seen to hold to 
or near the top throughout, B and C vary around the 
center. A, F, and E for the most part take the lower 
places. Much the same general uniformity of rela- 
tionship is exhibited in the rank order of the variations 
in tlie series, as presented in Tabic 20, 

L. RelatiqNvShii’ of Equilibration 
Scores to Other Dj\ta 

Obviously, the inclusion of correlation coefficients 
on so small a number of cases is entirely purposeless. 
Table 21 gives the rank order of the eight reactors of 
the children’s group in equilibrium, nutrition, intelli- 
gence, and age. If any relationship exists between the 
performance on the balancing-board and either IQ or 
chronological age within this close range. It is not 
evident from the present data, The relationship of 
chronological age and ability in equilibrium is sug- 
gested by the data of Tabic .3, covering a wider range 
of ages. In the same way, it is possible that tests of 
subjects showing a wide differentiation in intelligence 
might bring out a relationship there. 

However, even on the very narrow range of nutri- 
tional status, where every child is considered to be 
well noiirislied, there is some indication of a perhaps 
slight relation between the quality of iieiiroimisciilar 
learning as tested by the balancing-board and nutri- 
tion, I'his suggestion is in line with the previous 
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hypothesis regarding the reactivity of muscle cells ex- 
hibiting the optimum chemical balance, 

One of the chief difficulties in any study which in- 
cludes a relationship with nutrition lies in the lack 
of practical objective methods for measuring nutri- 
tional status. The nutritional rating used here is the 
product of the composite judgments of an experienced 
pediatrist and the experimenter. The ratings were 
made at a date quite early in the experimental series 
and are not believed to be influenced by knowledge of 
its results since no indications were in evidence at that 
time. No records had been planimetered. Both pedi- 
atrist and experimenter had approximately two years’ 
acquaintance with all but two of the children. The 
physician had carried the responsibility for their medi- 
cal supervision during this time and had conducted 
a complete physical examination of each child as well 
as observing them under a variety of conditions. The 
experimenter had weighed and measured all but two 
of the reactors in two successive years and had been 
closely associated with them. The nutritional rating 
is believed to be based upon careful and prolonged 
impersonal observation. At the same time, it cannot 
be said to represent a truly objective quantitative meas- 
urement. 

Animal experimentation at this time places nutri- 
tional differences on a basis of biochemical ratios. 
Plowever of necessity the methods of chemical analysis 
of blood and of tissue suitable in animal experimenta- 
tion are not adapted to use in human research. Other 
techniques of measurement, accurate and objective but 
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practical for human experimentation, are greatly 
needed. Dr, Max” has developed an induction-coil 
apparatus which gives promise of filling this need. 
Such a device, capable of measuring in fine quantita- 
tive gradation the threshold of stimulability of certain 
muscle groups, offers some possibility of providing an 
advantageous approach to a seemingly impenetrable 
problem. Conclusive results in this field must wait 
upon the perfection of some similar means of exact 
quantitative measurement of neuromuscular efficiency. 

"Max, L, Laboratory development in 192B, not piiblislicd. 



V 

SUMMARY 

This present investigation may be said to have 
raised questions rather than to have settled them. Its 
purpose has been largely exploratory in a field -where 
with young children only meager work has previously 
been attempted. Though previously emphasized, it 
is reiterated here that these results from a limited num- 
ber of reactors are presented as tentative and indica- 
tive, not as conclusive in any way. Any ultimate im- 
portance rests upon confirmation necessitating a great 
amount of further investigation. 

A study has been made of motor learning in body 
balance in relation to nutrition. For this purpose a 
balancing-board has been used, An extended learn- 
ing program with specific stimulus variations has been 
carried on using ten children of mean age 4 years 8 
months. Five older reactors of different ages -were 
given the series for purposes of comparison. 

From the data of the balancing-board test the fol- 
lowing indications of perhaps significant relationships 
appear : 

1. Between the ages of 4 years 8 months and 23 
years a slow, slightly irregular increase of skill in 
equilibrium, with perhaps a more rapid rise from 6 
to 8 years, is indicated. In 24 trials adults made a 
greater percentage gain than children of mean age 4 
years 8 months, 

2. No sex differences were shown among the chil- 

[ 225 ] 
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dreti other than some evidence of greater variability 
among the girls and a slight tendency to greater gain 
by the boys with control of visual cues. Adult differ- 
ences favoring the male were inconclusive. 

3. Sidedness is indicated in a greater but variable 
efficiency of the right side of the body with cases of 
slight or marked individual reversal. The girls showed 
greater variation in sidedness than the boys though 
both showed individual differences as to method and 
preference in response pattern. Amount of sidediiess 
may show inverse relationship to skill in equilibration. 
A probable difference in fine control of descent on the 
two sides appears, Wide individual differences as to 
both amount and kind of effect of visual-spatial co- 
ordinations upon sidedness are evidenced. Sidedness 
may be found amenable to change through visual re- 
flexes. Adult habits of sidedness in equilibration, 
apparently new, may persist for three months without 
specific practice. 

4. Freedom of foot movement, use of individually 
preferred stance, and position equidistant from mid- 
axis appear desirable. Method of control of foot posi- 
tion in this study was somewhat inadequate. 

i. Equalization of motivation indicates need for a 
slightly easier balancing-device, especially for young 
children. 

6. Attempt at control of visual cues is accompanied 
by tendency to increased rate of improvement, though 
a moving device for such control has defects. The 
boys showed greater gain than the girls during the 
arrow series. Such gain may perhaps be referable to 
modifiability of visual spatial reflexes. 
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Although both showed marked loss, the blindfolded 
boys of mean age 4:9 suffered smaller proportionate 
loss of efficiency than the blindfolded adults. Blind- 
folded boys retained part of the increment gained in 
a recent learning series; blindfolded adults lost all this 
increment and suffered even further loss, 

Blindfolded boys equalled the skill of blindfolded 
adults, though boys showed individual variation in 
proportionate decrement by blindfold not shown by 
adults. Results suggest greater proportionate em- 
phasis upon visual spatial coordinations by adults than 
by boys of mean age 4;9 perhaps due to differential 
maturation or to relative educability of structures con- 
cerned in reciprocal influences governing equilibrium, 
Need for evidence as to eye fixation is indicated. 

7. One-hundrcd-per-cent retention after an interval 
of V/i months was recorded by an adult and a S-year- 
old boy, the latter in three trials making a 2-pcr-cent 
gain over former best efforts. After the same period, 
a 12-ycar-old girl, who had changed to higher heels 
meantime, showed loss in efficiency and reversal of 
sidedness. 

8. Control of attention by extraordinarily careful 
elimination of distraction, particularly by sound, is 
indicated. Experimental control of attention by 
lighting effects appears fruitful. 

9. Individual qualitative differences in pattern of 
reaction were marked. Freedom of movement with 
increased activity appears to bring out a greater variety 
of combinations and thus to tend toward greater skill 
in a way not solely related to speed of reaction. In- 
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tcgrated movcinent apparently associated with less 
effort tends to accompany control in equilibration. 
Extreme body and liinb contractions, distal contrac- 
tions and other extraneous tensions appear more notice- 
able in less skilled performance. 

10. Data from an extended learning scries indicate 
a perhaps slight positive relationship to bodily nutri- 
tion, This fact may point toward a hypothesis that 
optimal neuromuscular learning is associated with 
optimal nutrition as affecting chemical balance of 
muscle cells and circulating fluids. 

From the data of the present experiment the bal- 
ancing-board is believed to show definite value for the 
study of : (1) age increase in ability in equilibration; 
(2) adult sex differences in equilibrium; (3) sided- 
ness; (4) influence of visuo-motor reflexes on equili- 
bration; (S) differential functions controlling equi- 
librium; (6) differential maturation of structures in- 
fluencing equilibrium; (7) retention; (8) attention; 
(9) functional efficiency of neuromuscular mechanisms 
as referable to optimum chemical balance of the struc- 
tures participating. 



VI 

SUGGESTIONS FOR FURTFIER STUDY 

Suggestions for further study include the following 
modificJitions: 

1. Improvement of the apparatus by mechanical 
summation of records and device for measuring force 
of descent on each side. 

Dr. Dunlap has now designed and built a second 
balancing-board wliicli moves on ball bearings, is 
capable of correction to a fine point of balance, and, by 
vertical adjustment of the board’s surface with refer- 
ence to the axis, can provide a close gradation of ease 
in performance. 

2. Control of visual cues by means of early reduc- 
tion and later training by stationary device. Inves- 
tigation of effects of eye fixation and of distraction by 
visual means, 

3. Inclusion of at least ten trials in work with any 
one variation. 

4. Pairing or other means of control of factors of 
chronological age, sex, intelligence, nutritional status, 
and socio-economic level. Holding of chronological 
age of children under six years to a one, or not more 
than a two, months' range. 
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L'APPRENTISSAGE MOTKUR DES ENFANTS BN BQUILIBRB PAH 
RAPPORT A LA NUTRITION 

(Resume) 

Bn omplo^aiU uiie plandie il'^fjuililirc, on a lait unc ^tude txpJoraHice 
de I'ajJprcnLisi^ngc maicLir avee drjtiilihrc dii corjis pat' rapport ^ Ju iiutri- 
tion. Ofi a auivi ua pruRramnic tSci^iulu d’apprcntlssa^c avec dea variationa 
dca aiiimili, ca cinployant clix ctifania ii^^a ca mnyenne dc 4 nns ct B moia, 
Pour unc CQinparnisoa ou a lait subir la B^ric A cinq siijeis plug rigds clc 
divers Ages. On pr^scntc Ich r^suUaia dc cc pelit nonihre dc sujQta comme 
Icntallf!! Gt HGiilcmcnt: indlcatifsj non cominc conciuaifa. 

i- Eatre I'Agc dc 23 pas ct cchii dc 4- aiis, 8 laois, un accrDjaaemcnl 
lent ct uiT peu jrr^guJicr dc in copacll^ dc tenjr I'^quillbrc avee peuNStre 
un accroifisement plu.ii rnpide dc 6 A 9 nns cst JndiquL Pans 24 6preuvcs 
leg adiiltcs ont gagn^ plus de pourcentogc qiic lag enfants dc I^agc moycn 
de 4 ans, 8 moia. 

2» Lea dtlF^rcnccs dc aexe ont die n£gl[gcab(ca snul qu'il y a cu de 
r^vidcnco d'unc plus grande vannbilit6 cKcx Ics lilleg. 

3i La pr£i6rcncc dc cute cst indlqud par la plus grande enpacitS^ mala 
vnriablc, du c6t6 droit du corps, Unc dilI6rciice probable da catitfole fin 
dc )a dcflCcnte aar Ics deux cut6s paralL Dcs dilf^rcnces jndivlducilcis 
quant A In quanljtd ct A In sorLc dc I'c/fct des coordinations spatlaies 
vifiiicllcs aur In pr^fdrcncc de edt£ se inontrenr, T,a prcl^rencc de cati 
peut sc changer ou moycn dcs reflenca riftucis. Leg liabitudca adultca de 
prdfdrcncc dc cutdj iiouvelfca, parait-il, peuvent peraister pendant troia 
moia SAtiH cxercicc sp^clfiqiic, 

4. L'ctiyai clc contruler lea rcpArca vUucls cat accompagne d'unc tendance 
h imc plus grande vUcs&c d'ain61loratiDRj bienque le mciuvciiicnt de I'api- 
p/ircJl pour un tel controlc a deg imperfectiona. On peut cxpliquer un tel 
progr^a ppr In inodiliabiJil^ dcs r6fiexcs apQlinux visucla, 

Les gargofis aux yeux bnnd6s ont soulFert unc plus petite pertc propor- 
tlonn^c dc capacity que Ics ndultcs mix yeux bandca. Lea gar^na aux 
yeux bandds ont ratenu unc partie dc I'accraisscJnent gagnd dana I'apprcn- 
lissngc dcs series; lea adviUes nux yeux bandog ont perdu acertiiBSciilent 
ct plus. 

Lea gar^ona mix yeux bandeg ont ^gal^ lea adultcs aux yeux bandea 
cn babilct^j cc qin augg&rc qilc lea atlultcs appuient plus praportlonnSment 
siir lea coonllnaLions apatinlcs viaucllea. Un besom dc I’dvidcncc siir In 
fixation des yeux eat jndiqii^, 

5. Une r6tentiDn dc cent pour cent apr^s rintervalle do niois, n 
enregistr^e par un gdiilte et un gargon Ag6 de 5 nns. 

Leg dilT^rcnccs fnclividiicllcs qiinlitatlvea dang la forme dc ]a reaction 
out dtd marqudea, 

7. Les donnees dc la adrie dtendue d^cipprcntisaagc indiquent peut-atre 
line ldg6rc relation positive A la nutrition dii corps. Cette auggeation peut 
Indiqiier une hypothfese que i’apprentisa age neuromtisculaire optimal est 
asaocid A la nulrUion optimalc dans I'inducncc 6ur I'fiqvulibre chimique des 
cclluicB mUBculnircs ct lea fiiiidca circiilnms. 

D’aprAfl les donnees ci-dcssus, la plnnehc d'fiquilibrc paralt dc valciir 
pour I'^tiide de I'^quilibrc A I'dgard; (1) de I'nccroissement de Vhobilet^ 
avee j'nvaiiccrneiit dc I'Agc, (2) des differences adultea de sexe, (3) de Ja 
prdfdrcncc dc efitf, (4) dc rinfliioncc dca rdflexca visuela-rnatcurs, (5) dea 
fonctions dl/PdrcnticIloH dc controlc, (6) de la maturation diffdrciiticlle deg 
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akrutlurw qui inQu^int, (7) de la i^ienllon^ (8) dc raiKtiliorii (9) dc I’cffi- 
ciidCQ focicUoaticlIc tla in£caniimc neufommculaire par mppori 4 Hqiif- 
Ivbre thlmiiiue Dpiimum del auuciurei qui y parUcipetil. 

Qbuda 


tiAS LUKWEM VON KWOURN IM liEW.'lCU \SMl3i CU.WCUCVL^ 
WICHTSUKHALTUNG in OEHEN UlvZlUIlUNO ZUH 
ERNAMHUNG 

IRifcral) 

Die Ver/paaerin machte cine forachcndc Lfnuriudiung dca iiioiorJiichcii 
Lcrtiena Im Beteich dtr GleichgeivjcliiacrhnlLung (AqiiilibrUrunp/tihi^Vcii) 
[body l]alaDce]j in dcren Beziehung ^um Brn^thrun^xualiifiiij iinjcr Vcr- 
wendung eincs Schmjkfllbreues [balancing bonrd], wirrdB tin wch* 
reichcndcB LGrnprqgrflmfn, mil variirendcn Hehcn, an tthn Kindern 
nusgeFl'ihrtj deren durcViflchnUOWbti Aiier 4> Jobrc 8 KIdhrU VicUug, Z\iin 
Vergleicb mocbien nncK 5 KUcre Vciaychapcx&oncn vcr^chicdenen AUera 
A\z PrU£ungen durcH< Folgtndc, ah nvjr \Ycmg(in Vpp. enniucUcn UcCunile 
werden aU vcrlilufiBe) nu.f w^gweUende, nicBt uli cndgdIliKt angcgcBcn. 

(1) l^wiichen Z3 Jahrcn und ^ Juhrcti B MoiuU wird eine Urginmei 
etwai utiregelmiiasige Zutiahme dct GewundlheU bel dtt Gldchgcwlchljcr- 
haltung [skill in equilibrium], viellcicht mlt eincr etwiia rnichcrcn Zuiiahmc 
awiichcn € und 9 Juhrcn, Angedculet. In Vcriuchcn cr^vicicn Er^rach- 
Bcne prozentmUBBig grfiiaere Zunahmen ala Kinder im DurchacliriiuaHlicr 4- 
Jahre B Monaten, (3) Geachiediiaunierachlcde wnrcn ini AUgenielnen un- 
bedeutend; nur erwieaen aicli die Miidchen elwoa unbcal^ndjycjri aIs die 
Knaben. (3) Bevorzugung elner Kbrperselio [BidedncBB] ztigle Bich darin, 
dsBB die rechte Selie ge^vAndur, Abet Auck vnviabel vrtif. Ea bcBteht 
v«rmuUkh eiu Unteraehied zvrhchen den beiden Beiten In Eezug avtf die 
Fcmbelt der BehercscKung d«a llerabilclgcni. El werden Indlviduellc 
Ifnlerachiede erwieacn, in Bezug au£ die Art and Wicvicllieil def Eiii- 
mrkung vUucUer raumlicKcr Koocdinallonen auf dU l^^vouuE^ng; ciucr 
Kdrperaeite, Diese Bevorzugung iBaat aicYi durch vlaucllc Reflexc dndern. 
Bine flchtfinbar ncu erwarbenoi erwachsenc Devotzgganffs Gewohnhcilanrr 
[adult habit of sidedncaa] kann ohne apczIBsche Einnifung drei Monnle 
lang welter besichen. ^ (4) Der Vefsucrij viauclle Aiiweiaungen zu be- 
hemchen [control of vifiiiQl cueal gebt mit etwaa Beachieuniguiig dcr Lei- 
Blungaverbcaaerung elnber, obwoM dcr bewcgllclicn Einrichmng [device] 
zur Erzielung dleser Behercachung gewisac Fehlct inncwohnen, Kinc Bolchc 
BcBchleunigung [at vklfeicKt auf Modifizierbarkeit det viBuelUn rimnlicbcn 
Reflexe [apatial reflexes] zurdckzuifOKtcn. Knaben mit verba ndenen Augen 
biisten relatiir weniger an Gfiwandtheit eln, aU Etvraqhacno mit ebenfalls 
verbundenen Augen, Knahen mit verbandenen Augen bebveUen cinen 
Teil der In tier Lernserlea erziejten Beascrung. Die Erwuchscnen mit 
vcrbundcneji Augen btlaten dieae Zunahmcj und nocli mehr, ciii' (5) 
Kniiben mit Yerbundenen Augen atonden in Bezug aiif Gcwfindihelt Er- 
WAchaentn mlt verbundenen Au^cn zur Sclic, llierdurcH wlrd niif einc 
reladve st^rkere Betonung der vmielien rSumllclicn KourdlnailDncn ciurcli 
Erwachacne blngeYviesen, Ea mangcU nu Belundcn in Bezug nuf die 
AUEenfixlerung [tjfc fixation], die vlcUelebt hiet nttlzllcb Bcin wiinki’i. 
(6) NacIi Mormten hauen aoch cm Eewachaener und cin 5*jiihrlgen 
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Knabc d'e volligc angccignelc Gcwancltheit [100% retention], Ea bestanden 
atnrke qualitate Unterachicde zwiflchcn den individuellen Reaktionsvyeiacn. 
Befunde qua uiisgcdohnten Lernserien ivciscn vlellcicht auf cine geringe 
positive Beziehung zu dem korpcrlichcn Erndhrungszuatand hln, Durch 
dieae Hinweiaung wird vicllcicht die Hypotheac angedeiiket, dflBS einc 
Beziehung beatcht zwiachen der optlmalen neurologiachcn Lcrnfdhigkcit und 
deiTi optimalen Ernilhrungazuatandp in bo fern, ala dicac Beziehung daa 
chemlsche Gleichgewicbt der Muakclzcllcn und dcr zlrkuHcrcndcn Fiusaig' 
keiten becinHuBst, 

Auf Baaie der vorhergehenden Bclunde erweiat aich daa Schaukelbrctt 
bei der Untetaucluing dee GfelcbgewicbtB wcrlvojl in Bezug auf: (1) 
Zunahme der Gewancithcit mit zunchmendem Alter; (2) Geadilcclitaifnter. 
Bchiede bel Erwachacnen; (3) Bevorzugung eincr ICorpcraeUe; (4) Ein^ 
yrirkung viauo-motoriBcher ReOexe; (5) differenzierendc kontroUierende 
Funktloncn ; (6) di/Terenzierende Keifnngagradc der einivirkendeii Struk- 
turen; (7) Beibchalfcung [retention]; (8) AufmerkBamkeU ; (9) funktionelle 
Leiatungsiiihigkeit des neuromuskuIHren Mekanismua in di^aaen Beziehung 
zu dem optima len chemischon Glcichgewicht der teilnehmenden Strubturen, 

Beede 
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I 

INTRODUCTION 

Limens for visual discrimination of pattern and size 
have been found for very few species of animals, In 
most experiments invplving differential response to 
visual stimuli, the differences in the stimuli used are 
well above the limen for the subjects being tested. 
Results obtained from these studies do, however, give 
some information regarding the acuity of vision of the 
animals trained, and, in a few instances, indicate the 
limits of discriminative ability. 

The only attempt to establish visual limens for pri- 
mates is Johnson's (IS) work, with a Cebus monkey. 
He used illuminated fields on which were striae of dif- 
ferent widths produced by two pairs of superimposed 
gratings. The monkey could distinguish differences in 
width of striae of less than 3%. The standard stimuli 
in the different tests varied from striae ,173 mm. to 1.56 
mm. in width. By a similar method (16), it was found 
that the monkey could distinguish a striped field from 
a uniform field when the visual angle subtended by the 
individual striae was 57", These results are similar 
to those found for human beings. 

Under the same conditions a dog failed to discrim- 
inate between the two fields although the stripes were 
made nearly six times as wide (15). The dog could 
distinguish a circle 6 cm. in diameter from circles 1, 2, 
and 3 cm. in diameter when the intensity of the light 
transmitted through the pairs of circles was constant; 
but not from circles 4 cm. and 5 cm. in diameter. When 
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the circles were equated for brightness, discrimination 
between the 6-cm. and the 3'Cin. circles broke down. 
In the experiments of Shengcr-Krestovnikn (20) a dog 
was trained to discriminate between a circle and an el- 
lipse. By using a series of ellipses gradually approach- 
ing the circle in form it appeared from repeated tests 
that the limit of discrimination was reached when the 
ratios of the semi-axes were slightly more than 9:9. 

Little work has been done on visual limens in other 
mammals. Hadley's (8) experiments with guinea pigs 
showed their ability to discriminate between squares of 
different sizes. The least difference reported was be- 
tween a square 3 in, on a side and a square 1 in. on a side. 
Working with white rats, Lashiey (18) found that they 
could discriminate between a circle 3 cm, in diameter 
and one 5 cm. in diameter, and between a square 1 cm. 
on a side and a square 12 cm. of a side, With one rat 
the discrimination continued when the circles were 
5 cm, and 4 cm. in diameter, 

Visual stimuli have been used extensively in the study 
of birds, although few attempts have been made to es- 
tablish limens. Revesz' (24) experiments with hens 
showed that they could detect a difference between a 
circle 9,5 cm, in diameter and one 8 cm, in diameter, 
between a square 6,3 cm, on a side and one 5 cm. on a 
side, between a triangle with a base 7.5 cm. and an al- 
titude 6,5 cm. and a triangle with a base 6 cm. and an 
altitude 5.3 cm., and between a parallelogram 4 x 8.5 
cm, and one 4 x 7.5 cm. More controlled experiments 
by Bingham (1) measured the smallest difference in 
size of circles that could be distinguished by chicks. 
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One chick detected a difference between a 6-cm. circle 
and one 4.5 cm, in diameter. For seven other chicks 
the limen was slightly higher, Bingham concludes 
that the threshold for discrimination, using a 6-cm. cir- 
cle as standard, is a circle from 1/4 to 1/6 larger. Un- 
der the same conditions the limen for a human was a 
circle 1/12 larger than the standard. Johnson (15), 
using the method previously described (p. 251) for 
studying the effective difference in width of visible 
striae, found that a chick "ceased to discriminate when 
the difference in width of striae was reduced to a value 
between 38% and 42%." The width of the standard 
striae in the tests varied from .74 mm. to 3.12 mm. 
When the problem was to distinguish a plain field from 
a striped field, the visual angle subtended by the small- 
est effective striae was 4' 04" for one chick, 4' 14" for an- 
other (16). According to this measure, the chick’s 
acuity of vision is not more than 1/4 that of the mon- 
key. In experiments with two crows, Coburn (6) re- 
ports that, after learning to go to the larger of two cir- 
cles (9 cm. in diameter and 2 cm. in diameter, respec- 
tively) , they continued to go to the larger stimulus when 
circles of different sizes were used. They learned to 
discriminate correctly between circles of 3 cm. and 2 
cm. diameters, 5 cm. and 4 cm., and 5 cm. and 4.5 cm. 
The criterion for learning was 4 or 5 correct choices 
when 5 trials were given daily. Stimulus differences 
of ratio less than 1:10 were not presented. 

The visual discrimination of turtles has been studied 
by Casteel (4) . He found that when two turtles were 
presented with surfaces of alternating black and white 
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stripes they could distinguish between the fields when 
the stripes Avere 8 inm. wide on one surface and 2 mm, 
wide on the other. One turtle aa'as able to discriminate 
when the stripes Averc 3 mm. Avidc and 2 mm. wide. 
This AA^as the smallest difference in width of stimuli 
used. 

Previous experiments on fishes ha\'c shoAVn discrim- 
ination of visual stimuli by a number of species. Stim- 
uli differing in form, in brightness, or in size have been 
used. Goldsmith (7) trained specimens of GoAius and 
Gasierajieuj to discriminate betAveen different forms, 
food being presented Avhen the correct stimulus Avas 
chosen, She used triangular, rectangular, circular, 
star-shaped, and double-pointed figures. From the re- 
sults obtained, she concluded that form aams a more im- 
portant factor than color in determining the reaction. 
Maes (19) reports that the stickleback and other fishes 
can dissociate form and size cues from color. Schaller 
(25) trained minnows to go for food to a stimulus of 
certain form. Discrimination betAA^cen circles, stars, 
squares, and triangles was established. The discrim- 
ination .of brightness differences has been studied by 
Reeves (23) for dace and suiifish; and by Perkins (21) 
for the goldfish. Reeves* method was to vary the 
amount of light illuminating the stimulus plates by 
changing the size of the slits through which the light 
was admitted, She found that three dace could not 
distinguish differences in intensity of 1 :4. Positive re- 
sults were obtained Avith greater brightness differences. 
Results with three simfish shoAved that differences in in- 
tensity of 1 ;2werc the least that could be discriminated, 
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Perkins (21) presents evidence for configurational 
learning in the goldfish, based on differences in the in- 
tensity and position of the stimuli. Combinations of 
three lights of varying intensities were presented at each 
trial, The intensities, measured in foot candles, were 
10, 4.8, .73, .21, .018, and 0. With these differences 
the fishes “learned to choose one of three absolute light 
intensities and to transfer up and down the intensity 
scale without added training." In experiments on vis- 
ual perception of size in fishes, Herter (11) has studied 
several species. Plis results showing the response to 
“similarity" or to "relative size" of stimuli give an in- 
dication of the small differences that can be perceived. 
After a training series in which the positive stimulus 
was a circle 3 cm. in diameter and the negative stimulus 
1 cm. in diameter, two fishes went to the larger figure in 
90% of the 60 trials given when the diameters of the 
stimuli were 4 cm. and 3 cm., 1 cm. and 0.5 cm., and 3 
cm. and f.5 cm., respectively. Simi/ariy, two fishes 
trained to the 1-cm. circle as positive stimulus went to 
the smaller circle in 94% of the 60 trials given with the 
test stimuli just mentioned. These results indicate that 
the visual discrimination of size by these fishes is very 
good. As the problem was not primarily one of size 
perception, however, there are no data to show whether 
or not these differences between the stimulus pairs were 
near the threshold of discrimination. 

The present experiment was undertaken in an at- 
tempt to establish limens for visual perception of pat- 
tern and size in the goldfish. In studying the dis- 
crimination of pattern, fields of alternating equal black 
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and white stripes were used as stimuli. It was thought 
at first that an adaptation of Johnson's apparatus (14) 
could be used for presenting the striated areas, but the 
construction of the stimulus plates and holder pre- 
sented serious difficulties. Moreover, the striae pro- 
duced on the illuminated fields by this method are not 
distinct. They appear "fuzzy" at all values (14). 
For the purpose of this experiment more decided con- 
trast in the stripes seemed advisable. Consequently 
this technique was given up in favor of a modification 
of the method used by Casteel (4). Black stripes of 
the desired widths were painted with waterproof ink 
on white cardboard stimulus cards. These were pre- 
sented in pairs. In studying the discrimination of 
size, illuminated circles of different diameters were 
used as stimuli. These were produced by means of a 
light-box patterned after the Yerkes-Watson apparatus. 
The details of the method will be discussed in the 
following sections. Neither of these techniques had 
been previously applied to fishes. 



11 

EXPERIMENT I 
Pattern Discrimination 

The problem in this experiment was to find the 
smallest difference in pattern of visual stimuli that could 
be distinguished by the goldfish. The stimuli con- 
sisted of cards bearing black and white stripes of equal 
widths. The stripes on the two fields were of dif- 
ferent widths. 

Subjects. The fishes used in this experiment were 
common goldfish, Garassius auratus, obtained from a 
local dealer, As subjects for experimental work this 
type of fish proved satisfactory, on the whole, and easy 
to handle. They were kept in a galvanized iron tank 
holding approximately 23 gallons of water. The tank 
was cleaned several times a week, and the water 
changed daily. To prevent fungus growth, the most 
common disease among goldfish, small amounts of com- 
mon salt and of Epsom salts were dissolved in the water 
occasionally. All the fishes remained in good health 
throughout the training periods, which varied from 29 
to 32 days. 

Great care was taken to avoid any jarring of the 
tank or any change of lighting during the experiment, 
as the fishes were extremely sensitive to disturbances of 
this kind. When a fish was frightened it remained 
practically motionless for periods as long as two hours, 
although no further external disturbance occurred. 
Work was begun with 10 fishes, but, because of their 
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almost complete inactivity, 4 were discarded after va- 
rious intervals as unfit for experimental work, The 
others soon became used to the experimental conditions 
and moved freely and quickly about the tank and dis- 
crimination apparatus. Two fishes (No. I and No. 3) 
were trained to go to the card bearing the narrower 
stripes. For the remaining fishes (No. 2, No. 4, No, 5, 
and No, 6) the positive stimulus was the card bearing 
the wider stripes, 

FIGURE 1 

Diagram of the Living-Tank, Discrimination Apparatus, 
and Liout-Dox 



Apparatus. The discrimination box was placed at 
one end of the large tank which served as living-quar- 
ters. The type of apparatus used is shown in Figure 
1. The box was made of wood, and painted a medium 
shade of gray. The floor of the apparatus was ap- 
proximately 20 cm, above the bottom of the tank, aiid 
the walls of the apparatus extended 1 cm. above the 
surface of the water. The dimensions of the box were 
as follows; height of walls, 8 cm.; detention compart- 
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ment, 5 cm. x llj4 cm.; choice compartment, 9 cm. x 
11J4 cm.; length of partition between stimuli, 10 cm.; 
width of alleys, S cm. The water in the apparatus was 
7 cm. deep. The doors which separated the various 
compartments were raised above the surface of the 
water when a fish was to be allowed to pass from one 
part of the box to another. These doors were manipu- 
lated by means of strings stretching across the top of the 
living-tank to the end nearest the experimenter. The 
experimenter was separated from the discrimination 
apparatus and tank by a screen of black cloth. Ob- 
servations were made through a small window cut in 
the screen. 

The room in which the experiment was conducted 
received light from a north window and a skylight. 
Two electric lights in the ceiling of the room were 
lighted during the tests. The illumination, measured 
by a Westinghouse Foot Candle Meter, was approxi- 
mately 20 foot candles. 

The stimuli were exposed atiS* and S' (see Figure 1) . 
They were made of heavy white cardboard, on which 
horizontal stripes were painted with black waterproof 
ink. Cards 5.5 cm, x B cm. were placed on the end 
wall of the apparatus, and smaller cards, 4.5 cm. x 8 
cm., were placed on the floor directly in front of the 
vertical stimuli. These smaller cards were held in 
position by pieces of metal which covered the backs 
and were bent about iu, over the edges of the cards, 
A great number of duplicate sets of stimuli were made, 
so that any one set was used not more than four or five 
times. The cards were changed during each day’s 
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tests to avoid possible sources of error due to differ- 
ences, other than width of stripes, in the stimuli. 

Procedure- To enter the d iscrimination box the 
fishes had to rise toward the top of the tank and swim 
through a door (7 cm. x 12 cm.) at one end of the ap- 
paratus. This doov was kept closed at all times ex- 
cept when a fish was being let in or out of the discrim- 
ination box. At first, the fishes were guided toward 
the door by means of a wire scoop; but after a short 
time the experimenter’s problem changed from that 
of guiding one fish in the direction of the door, to that 
of keeping all the fishes from going into the discrimina- 
tion box whenever the door was opened. This was 
accomplished by the use of wire screens so placed that 
only the fish to be experimented upon liad access to the 
door of the apparatus, A fish was detained in compart- 
ment A for approximately one minute before the door 
leading to the choice compartment was opened. As 
soon as a fish had passed into compartment the door 
of the detention compartment was closed again, A fish 
had then to go either to the left or right of the partition, 
and as soon as a choice was made door D~ was closed 
to prevent return to compartment 13. Alleys X and Y 
led back to the detention compartment. Doors D® and 
D'* were closed as soon as a fish had passed these points. 

For two or three days preliminary to beginning train- 
ing, several fishes were put into the apparatus together 
for an hour at a time. All the doors in the discrimina- 
tion box were left open so that the fishes covdd swim 
freely from one part of the apparatus to another and 
food was placed at various points on the floor. After 
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having become familiar with the apparatus to this ex- 
tent, each fish was put into the discrimination box alone. 
The procedure in this case was the same as that to be 
used in the training, with the exceptions that no stim- 
ulus cards were used and that food was placed on the 
floor at the points where the reward was to be given 
during the experiment. The food consisted of pellets 
of French's Prepared Food for Fishes. The fish was 
kept in the apparatus until it had discovered and eaten 
the food. This took from 3 to 10 minutes on the first 
day, but thereafter not more than 5 seconds. In the 
whole experimental period there were only four or five 
instances in which the food was overlooked or not 
eaten. This preliminary procedure was repeated for 
three days with each fish. 

In the training series no punishment was given, but 
food was used as incentive. After a correct choice had 
been made and the door closed, the experimenter 
niaved a fever af the side at the apparartfs' by which one 
pellet of food was dropped into the water at a point 
approximately 11 cm. to the side of the stimulus and 4 
cm. in front of the wall on which the cards were ex- 
posed. The pellets were of sufficient weight and were 
dropped from sufficient height to cause them to sink to 
the floor of the apparatus at once. 

Since reward alone was used, it was important to 
keep the hunger drive as constant as possible from day 
to day so that the incentive would be consistently effec- 
tive. For this reason the usual procedure of giving a 
certain number of trials daily, regardless of whether the 
responses are correct or incorrect, was not used. In 
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place of this, each day’s training was continued until 
a certain number of correcl choices had. been made, thus 
making sure that a certain amount of food (reward) 
was received. 

Approximately 2 minutes were necessary for the ex- 
perimenter to adjust the apparatus and arrange the 
stimuli. The successive trials followed each other af- 
ter this interval. The right-left position of the stim- 
ulus cards was determined by chance, with the excep- 
tion that the positive stimulus was never presented on 
the same side more than four times in succession. At 
the beginning of the training period the day’s testing 
was continued with each fish until four correct choices 
had been made. This procedure was carried out for 
the first 80 trials. During this time the responses came 
to be made much more quickly than at the beginning of 
the experiment. In all the later training the number 
of correct choices required each day was increased to 
live. 

The habit of going always to the stimulus presenting 
the pattern of wider (or narrower) stripes was 
thoroughly established by training to the stimuli of 
greatest difference until 24- out of 25 correct successive 
responses were made. For discrimination between the 
other stimulus sets this amount of training was not con- 
sidered necessary. The criterion of learning in all 
other tests was 9 out of 10 successive correct responses. 

ResidU. The pairs of stimuli used in the training 
series in this experiment are shown in Table 1, Two 
fishes were trained to the stimulus pattern of nar- 
rower stripes ; four fishes, to the pattern of wider stripes. 
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TABLE 1 

Showing the Stimulus Sets Used in the Training Series 
The width of the stripes in each set is expressed in millimeters, 






Stimulus Set 






A 


C 

D E 

F 

G 

H 

I 

j 

Foaiiivc atiinviUia 

2 

3 

5 

3 7 

5 

10 

10 

10 

10 

Negative stimulus 

10 

10 

10 

7 10 

7 

2 

3 

5 

7 


TABLE 2 

Showing the Number of Fishes Learning to Discriminate 
Each Stimulus Difference 

TJie differences in widths of stripes are expressed in millimeters. 




Difference 

in 

width 

of stripes 



B 

7 

5 

4 

3 

2 

Number of iishca trained 

6 

4 

6 

1 

4 

1 

Number of fishes learning 

6 

4 

4 

1 

1 

1 


The differences in stimulus patterns that were discrim- 
inated after training appear in Table 2, with the num- 
ber of fishes learning each discrimination. Table 3 
shows the progress of Jenrning during the training with 
the various widths of patterns, The percentage of 
correct responses in each series of 20 trials is given. 
The number of errors, even at the beginning of the 
training, was small in every case. Twenty trials in- 
clude data from not more than 5 days’ testing; and, for 
the latter part of the training, for only 4 days' testing. 
With a choice between two stimuli in each trial, and 
only 4, or at most 5, choices daily, the number of errors 
even in a series of random responses would naturally 
not be large. The fact that no punishment was given 
in connection with incorrect choices is probably re- 
sponsible for the relatively slow dropping-out of er- 
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TABLE 3 

Sirow/NG THE PURCENTAGB OF CoRtlECT CHOICES FOR EaCH FfSfl 

PER 10 Trials 


The trial at wlilch cadi stimulus set was introduced in the training 
series is indicated by the nuinber in irarcnthcsis, 
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50 










rofs. The daily records for each fish show a fairly 
even distribution of errors among the four or five trials 
given. A comparison of tlie records according to the 
order in which the fishes were lested each day shows no 
significant difference in the number of errors made by 
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those whose trials came at the beginning and those 
whose trials came at the end of the day's testing. Any 
traces of food resulting from the dropping of the pel- 
lets into the water were obviously too slight to act as 
cues for subsequent responses. 


TAHLE 4 

Showing thb NuMni-R or Errors for Right and Left Position 
OF THF. Positive Stimulus 


Trials 

Positive 

stiniuliis 

Correct 
responses Z 

1 

Vl 

u 

o 

u 

u 

w 

No, 

VI 

u 

tj e 

sl 

<3£ 

Errors 

No. 

m 

tJ g 

e S 
u K 

Errors 

3 

Correct 
responses p 

Errors 

No. 

tfl 

OJ 

ti n 

c3“ 

5 

efl 

Ih 

o 

l-t 

u 

Correct 
responses ^ 
a 

Errors 

1^ 50 

RIrIu 

17 

a 

13 

12 

16 

9 

17 

9 

19 

7 

19 

H 


Left 

20 

5 

11 

1 + 

18 

7 

12 

12 

20 

4 

Iff 

7 

51-100 

Right 

19 

B 

17 

5 

20 

3 

17 

6 

23 

6 

21 

4 


Left 

20 
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23 

5 

25 

2 

23 

4 

19 

2 

23 

2 

lOl-JSO 

Right 

21 

4 

22 

2 

27 

1 

20 

5 

15 

11 

15 

7 


Left 

20 

3 

24 

2 

19 

3 

22 

3 

18 

6 

19 

9 

111-200 

Rigln 

5 

2 

13 

7 

S 

1 

% 

4 

S 

3 

0 

3 


Left 

8 

9 

16 

8 

6 

0 

8 

7 

4 

5 

0 

1 

Total 

Right 

6+ 

22 

65 

26 

68 

14 

62 

24 

62 

27 

55 

22 


Left 

68 

20 

74 

29 

68 

12 

65 

26 

61 

17 

5a 

19 


The distribution of errors according to the right-left 
position of the positive stimulus is shown in Table 4. 
No persistent place habits appeared during the course 
of the experiment. The record of fish No. 5 shows 
a considerably greater number of incorrect choices 
when the positive stimulus was on the right side. In 
the other live cases, hoAvever, the difference in number 
of errors for the two positions of the positive stimulus 
is very sliiiht. 
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TABLE 5 

Showing the Number of Triai-s Reouired to Esta 
Discrimination with Each Stimulus Set 

The difiPerences in width at stripes arc expressed In millimcte: 
indicates failure to learn in the number of trials given, 


Traincil lo Trained to 

naffoiver atrifica wider atripea 
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1> 

a D 

.Sls* 
S'5 § 

u 

■H 
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1 ^ 

kz 

•en 

=• 

(1.7. 

-2 o 

Fish 

Nd. 4 

.2 o 

cZ?rr 

i 

H 

6 

E 6 

67 

97 


65 

( 

7 

4 


0 


0 

0 


5 

6 

0 

0 

2 & 

FSl 

F 6 Z 


4 

i 


0 





3 

4 

F+7 

10 

P33 



r: 

2 

1 


10 






The number of trials required before perfect 
crimination with each of the stimulus sets is sho'v 
Table 5. All of the fishes trained with the stin 
sets differing by 0 mm. in width of stripes Jearne 
discrimination. The number of trials required b 
satisfying the criterion of 24 out of 25 successiye cc 
responses tanged from 60 to 97. The average nu 
of trials before perfect discrimination was 77, r 
senting roughly 13 days' training, The two 
trained to the pattern of narrower stripes require 
proximately the same number of trials to learn a 
the four fishes trained to the pattern of wider st 
One of the two learned in 10 fewer trials than th 
erage for the other group; one learned in 9 more 
than this average. 

Perfect discrimination continued in all cases 
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the difiference in width of stripe on the two fields was 
reduced from 8 mm, to 7 mm. A further reduction to 
a difference of 5 mm. caused errors in 4 of the 6 cases. 
Two of the fishes that were at first disturbed by this 
change of stimuli learned the discrimination after 
further training. One fish (No. 5) showed no in- 
crease ill number of correct responses in 62 trials; an- 
other fish (No. 4) gave no evidence of learning in 51 
trials. 

Of the 4 fishes tested with stimuli of smaller dif- 
ferences in pattern, only one learned the discrimination. 
The record of this fish (No, 3) is exceptional. 
Throughout the experiment it proved to be the most 
satisfactory subject, It required no additional train- 
ing to establish discrimination when the stimulus sets 
B, C, and D were introduced. After making 2 errors 
in the first 10 trials with set E (a difiference of 3 mm. in 
width of stripes), 10 correct responses were made. 
Similarly, after 1 error with stimulus set F (a diflfer- 
ence of 2 mm. in width of stripes), 9 out of 10 correct 
responses were made. After every two trials with these 
stimulus sets new stimulus cards were introduced in or- 
der to eliminate the possibility of secondary cues. From 
the results it appeared that the discrimination was not 
based on any difference of this kind in the stimuli, but 
on the difference in the patterns of the two fields. 

The average time for choice (until the fish had gone 
sufficiently far on one side of the partition to allow door 
D to be closed) is shown in Table 6, The average 
choice time for all trials was 18.7 seconds. A compari- 
son between the average time taken in the first SO trials 
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and the average time taken in the latter part of the 
training shows a very decided speeding-up of the re- 
action (see Table 7) . This is also apparent in the time 

TAHLE 7 

SiimviNO THE Average Time m Seconds for Choice for Each 
Fish per 50 Trials and the Average Time for All Responses, 
FOR Correct Responses and for Errors 


Trials 

No, 1 

No. 2 

Fish 

No, 3 No. 4 

No. 5 

No. 6 

1- 50 

35.4 

48.S 

33.7 

14,6 

46.0 

94.7 

51-100 

4.9 

14.3 

12.4 

3.9 

15.0 

7.8 

i0M50 

2.9 

10.0 

11.0 

2.7 

6.7 

4.5 

151-200 

Z.4 

3.7 

5,2 

5.B 

4.9 

2,7 

Total, ftv. 

12.8 

19,7 

19.0 

6.9 

20.B 

34-.B 

Correct, av, 

13.7 

17.0 

15.5 

6.5 

20,2 

29.3 

Errors, nv. 

S.B 

27.0 

39.4 

7.9 

23.2 

59.1? 


for total response (from entrance into compartment J3 
to return to compartment A). The average time for 
the first 50 trials for all the fishes was 211 seconds. The 
average time for the last 50 trials was 43 seconds. 

WJie/i the difference in width of stripes of the stim- 
ulus cards was reduced to 7 mm. there was no increase 
in the amount of time taken before making a choice. A 
further decrease to a 5-inm. difference did not affect the 
discrimination time. But the introduction of the stim- 
ulus sets with smaller differences between the patterns 
increased the discrimination time in every case for the 
trials immediately following the change in stimuli. 

If the time for correct responses is compared with 
the time for incorrect responses, it appears that in 5 of 
the 6 cases the average time for correct cJioiccs was 
shorter than the average time for errors (see Table 7) . 
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In the record of fish No, 3 there arc 88 chances in 100 
that the difference represents a true difference; but in 
no case is the difference between the averages statistical- 
ly reliable as measured by the standard error of the dif- 
ference. In those trials in which a fish was "inatten- 
tive,” i. e., failed to look at the stimulus cards, it first 
swam about in the compartment B for some time, then 
out on either side of the partition. Under these cir- 
cumstances, of course, the "discrimination” time vi^as 
long, and the chances that the response would be a cor- 
rect one were 50-50. On the other hand, when the fish 
"attended” to the stimulus, i. c., looked at it, it reacted 
quickly; and these responses were more often right than 
wrong. The average time, then, for all correct re- 
sponses -would tend to be less than the average time for 
errors. The total reaction-time does not show this dif- 
ference in speed between correct and incorrect re- 
sponses. In 3 cases the latter was the slower response; 
in 2 cases it was quicker; and in one case there -was -no 
difference between the two types of reaction. The av- 
erage time for total response after correct choice was 
73,7 seconds; after errors, 82.5 seconds. These results 
may be explained by the fact that some of the fishes 
making correct choices, after finding the food, re- 
mained in the same spot to eat it before returning to 
the detention compartment, making the total time long. 
On the other hand, some fishes that made wrong 
choices swam back and forth near the point at which 
food was dropped when reward was given, and thus 
delayed their return to compartment A, 

In some trials the response seemed to the experiment- 
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er to show an unusual amount of hesitation. The fish 
would start swimming rather rapidly toward one stimu- 
lus, stop, appear to look at it carefully, and then pro- 
ceed ; or the fish would swim back and forth several 
times in front of the stimuli before making a choice. 
These appeared to be not merely random movements, 
but directly related to the discriminative response. In 
the daily records note was made of the number of re- 
sponses showing this hesitation. The number varied 
greatly with the individual fishes. They were, on the 
average, IS seconds longer than the average for all 
choices, and were distributed fairly evenly throughout 
the trials with each pair of stimuli. In every case, as 
is shown in Table 8, more of these responses after hesi- 


TABLE 8 

Showing the PEncENTACB of Correct and Incorregt Choices 
AFTER Hesitation 



No. 1 

No. 2 

No. 3 

Fish 

No. 4 

No. 5 

No. 6 

Total trinlfl 

174 

194 

162 

177 

167 

154 ' 

% of trials 
showing hesitation 

C.9 

10,1 

25.3 

1.6 

20.9 

lfi.2 

% Incorrect; 
after hesitation 

fi.O 

IS.O 

12.0 

33.0 

25.0 

4.0 

% incorrect 
without hesitatian 

19.0 

29.0 

16.0 

2S.0 

17.0 

20.0 


tation were correct than were incorrect. Comparing 
the ratio of correct to incorrect responses in the trials 
showing hesitation to the ratio of correct to incorrect 
responses in trials without hesitation, it appears that for 
4 of the 6 fishes the proportion of errors is less in the 
trials with hesitation. This does not contradict the 
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previous statement that correct choices were, on the 
average, faster responses than those in which errors 
were made. Among the slow reactions were many that 
did not fall into this group that seemed to the experi- 
menter to show hesitation, the delay in these cases being 
due merely to the fish’s prolonged and random swim- 
ming about in compartment B, without reference to 
choice of stimuli. The fishes showing the greatest num- 
ber of responses with hesitation were also those having 
the highest average time for correct response. 

The results of the experiment show that the goldfish 
can be trained to discriminate between patterns of vary- 
ing widths of stripes. The differences perceived were 
similar to those discriminated by turtles in Casteel’s 
(4) experiments in which stimulus patterns of the same 
type were used, A difference of 8 mm. in width of 
stripes was discriminated by 6 fishes, A difference of 
5 mm. was discriminated by 4 fishes. One fish chose 
the pattern of narrower stripes when the difference in 
width was only 2 mni. These results indicate a high 
degree of visual acuity, To obtain a more exact 
measure of the limits of discriminative ability, certain 
modifications in the stimuli seemed advisable. In place 
of the fields of black and white stripes, uniform fields 
which could be varied in size and in brightness were 
used as stimuli. The limens for discrimination under 
these conditions were tested in Experiment II. 

Before bringing the first experiment to a close, each 
fish was given 15 trials (3 days’ training) Avith the stim- 
ulus pair used in the original training, The difference 
in width of stripes was 8 mm. The tests were then dis- 
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continued for 30 days. At the end of this time a retest 
was given, using the same stimulus pairs, and rewarding 
all responses. In 4 cases the discrimination was made 
perfectly in the first 10 trials j in one case 1 trial, and in 
another case 4 trials were required before satisfying the 
criterion of 9 out of 10 correct responses. These re- 
sults indicate a high degree of retention of the discrim- 
ination habit established during the training period. 



Ill 

EXPERIMENT II 
Size Discrimination 

The problem in this experiment was to find the small- 
est difference in size of visual stimuli that could be dis- 
criminated by the goldfish. The stimuli consisted of 
circles of different area and of variable brightness 
values. 

Subjects, Thirteen fishes were used in this experi- 
ment, Training was begun with one other fish, but 
it proved too inactive for experimental work. With 
three exceptions the fish remained in good health 
throughout the training periods, which varied from 
50 to US days. One fish became sick after three 
months* training and had to be discarded. Tavo fishes 
died before the experiment was completed, one after 
months' training, one after 4 months’. 

Apparatus. The discrimination box was similar in 
plan to that used in Experiment I (see Figure 1), but 
all compartments and alleys Avere made larger in order 
to adapt them better to the swimming movements of the 
fishes. The dimensions of the apparatus in this experi- 
ment were as follows : height of walls, 14 cm, ; detention 
compartment, 14 cm. x 17 cm.; choice compartment, 15 
cm. X Y]]/ 2 . cm.; length of partition between stimu- 
lus plates, 7 cm.; width of alleys, 7 cm. The water 
in the apparatus was 12 cm, deep, The length of 
the partition between the stimuli was decreased so 
that the choice could be made at a shorter distance from 

[ 274 ] 
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the circles. In this experiment, however, as in the pre- 
ceding one, the fishes apparently made the discrimina- 
tion at a distance of about 12 cm. from the stimuli. 
The doors in this apparatus, instead of being raised 
above the surface of the water to permit free passage 
(as in Experiment I), were dropped through slits in 
the floor of the box, eliminating shadows in the part of 
the apparatus into which the fish was to move. 

A section of plate glass was put into the end of the 
tank against which the discrimination box was placed, 
permitting the presentation of stimuli from outside the 
tank, A iiglit-box, 1 meter long, 7 cm. high, and IS 
cm. wide, was fitted into a wooden frame at this end of 
the tank (see Figure 1). The only light which came 
into the discrimination apparatus at this end was that 
which came through the opal flashed glass front of the 
light-box. This box was divided lengthwise into two 
parts, in each of which was a 2S-watt frosted Mazda 
lamp. The position of the lamps could be varied 
from 5 to 95 cm. from the stimulus plates. The lamps 
used in this part of the apparatus were changed from 
time to time throughout the experiment. 

The stimulus plates Avere made of brass. In each 
plate were cut three holes, the center hole being of the 
size of the positive stimulus to be used in the training. 
The other two holes were of equal size, either smaller 
or larger than the standard. These plates, placed at 
the end of the liglit-box, exposed through the plate 
glass end of the discrimination box lighted areas of 
opal flashed glass. The holes in the stimulus plates 
were spaced in such a way that when the plate was in 
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position only two lighted areas could be seen, the holes 
being centered in front of the two divisions of the 
light-box. By pushing the plate to the left or right 
the position of the standard stimulus could be changed 
from left to right, and at the same time a second circle 
was exposed on the other side of the partition which 
divided the stimulus areas. The distance between the 
centers of the circles thus presented was 7 cm. 

During the experiment the whole apparatus was en- 
closed in black screening, extending approximately 80 
cm. above the top of the tank. The screening was 
put into place an hour before the testing was to be- 
gin, and removed when the testing for the day was 
over. From the roof of this covering, directly over 
the center of the discrimination box and 80 cm. from 
the top of the tank, hung a 25-watt frosted Mazda 
lamp. This was lighted whenever the screening was 
in use. Observations were made through an opening 
in the screening at the end of the tank farthest from 
the stimuli. 

Procedure. The fishes were divided into two 
groups. The 6 fishes in Group 1 (Nos, 1, 2, 3, 4, 5, 
and 6) were trained to go to the smaller circle. The 
7 fishes in Group 2 (Nos. 7, 8, 9, 10, 11, 12, and 13) 
were trained to go to the larger circle, For each 
group, after a preliminary training with circles 2 cm. 
in diameter, the positive stimulus was 3 cm. in di- 
ameter. 

For 3 fishes in Group 1 (Nos. 1, 2, and 3), and for 
3 fishes in Group 2 (Nos. 7, 8, and 9), the daily pro- 
cedure was the same as that described in Experiment 
I. For the other fishes in both groups the same num- 
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ber of trials was given daily, but, instead of having the 
trials in quick succession (approximately two min- 
utes apart), the fishes were returned to the living-tank 
after each correct choice. The next trial was given 
after an interval of approximately 7 minutes. 

The number of correct choices required in each 
day's test for the first 80 trials was three. After this 
amount of practice, the number was increased to four. 
This procedure was continued for the next 120 trials, 
but, on account of the amount of time required for this 
method, the number was again changed to three cor- 
rect choices daily. This number was used in all 
subsequent testing. 

The easiest discrimination was considered learned 
when the fish made 24 correct choices out of 25 re- 
sponses. When this criterion had been satisfied the 
difference between the circles was reduced. For the 
remaining stimulus pairs used in training, 12 suc- 
cessive correct choices (i. e., d or 4 days' testing with- 
out error) were taken as showing that the discrimina- 
tion had been learned. 

The position of the lights in the light-box during 
the training was 10 cm. from the stimulus plates. Af- 
ter the 5'Cm, diflference in diameters of circles had been 
discriminated correctly with the lights in this position, 
both lights were moved back to 20 cm. and further 
tests were made with the same stimulus difference. In 
subsequent tests with smaller stimulus differences both 
lights were kept in the fO-cm. position until the crit- 
erion for learning had been satisfied. Control tests 
were then given. In these tests the position of the 
lights was varied from trial to trial, one being nearer 
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the stimulus plates tlifiu the other. The positions of 
the lights during these tests ranged from S to 40 cm, 
from the stimuli. In half the tests the smaller circle 
was made brighter than the larger circle, the degree 
of brightness varying from trial to trial. Tliese tests 
were continued until the fish had learned to discrim- 
Inate the stimuli on the basis of size alone, regardless 
of the absolute or relative quantity of photic stimula- 
tion. 

Results. The stimulus sets used in the training 
series arc shown in Table 9. Six fishes were trained to 
go to the smaller circle; 7 fishes were trained to go to 
the larger circle. The differences in the size of the 
circles discriminated and the number of fishes learning 
each discrimination are shown in Table 10, In Table 
II the progress of learning during the entire training 

TABLE 9 

Showing thb Stimulus Sets Used im the Training Series 
The diameters of the circles in end) set arc expressed in centimeters. 

Sllmuhia &ct 

ABCDIUPGIII J 

positive atimulua 2.0 3,0 3.0 3.0 3.0 4%0 3.0 3.0 3.0 3.0 

Negittive ailmuliia 4.0 +.0 3.5 3.3 3.2 2.0 3.0 2.5 2.7 Z.B 

TABLE 10 

Sho-wing the Number of Fishes Lcarnhstg to DisctUMiNATP 
Each Stimulus Difference 

The dlflerences in diameters of circles and the distances of lights from 
stimulus plates are expressed in cciitinictcrs. 


Difference in 

diameters of circles 

2.0 

l.O 

q.5 

0.5 

0.3 0.3 

O.Z 

0.2 

Distance of lights 
from £timulu9 plates 

10 

10 

10 

20 

10 vnried 

10 varied 

Number of fishes 
trained 

13 

12 

12 

12 

9 a 

a 

1 

Number of fishes 
learning 

12 

12 

12 

11 

9 B 

2 

0 



TABLt: 11 

Siio'wiNG THt Percektage oe Correct Choices fob. Each Fish per 20 Triahs 
The trial at which each stimulus set was introduced in the training series is 
indicated by the number in parenthesis. 
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period is shown by the percentage of correct responses 
made by each fish in each ZO trials. As in Experiment 
I, the number of errors, even at the beginning of the 
training, was small, In this experiment the dally pro- 
cedure was to give only as many trials as were re- 
quired for making 3 or 4 correct responses, as de- 
scribed under the previous discussion of method, The 
learning would undoubtedly have been faster if, in 
addition to the rewarding of correct responses, some 
form of punishment had been given in connection with 
the incorrect choices. The number of errors in the 
first of the daily trials is slightly larger than the num- 
ber of errors in the later trials of the day for 8 of the 
13 fishes. This difference may be explained by the 
fact that the transfer from the living-tank to the dis- 
crimination apparatus caused some slight disturbance 
which would affect the behavior in the first trials but 
would wear off as the fish remained longer in the dis- 
tox. A. coTnpvinsoti oi 

of errors throughout the daily trials of the group hav- 
ing trials in quick succession and the group having an 
interval of seven minutes between each two trials shows 
that for the latter the errors arc more evenly distributed 
throughout the 3 or 4 trials of each day. In this case 
the disturbance caused by the transfer from the tank 
to the experimental apparatus was approximately equal 
for each trial. There was no opportunity for the adap- 
tation to the new conditions that was apparent in the 
other group. The fishes that were experimented on 
first in the daily testing showed no more errors than 
those that were tested later in the group. There ap- 
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peared to be no accumulation of traces of food to act 
as cues in the later trials, 

The distribution of errors according to the right- 
left position of the positive stimulus is shown in Table 
12, In two cases (fishes No. 2 and No. 8) the number 
of errors when the positive stimulus was on the right 
was considerably larger than the number of errors 
when the positive stimulus was on the left. In two 
cases (fishes No. 9 and No. 10) the reverse was true. 
The records of the other 9 fishes show no evidence of 
preference for either position of the stimulus. 

The number of trials required to establish discrim- 
ination with each of the stimulus sets used is given in 
Table 13. In those cases where training with a par- 
ticular stimulus pair was repeated after training with 
some other pair the results of the separate training 
periods are given. Twelve of the 13 fishes learned to 
discriminate the two circles differing by 2 cm. in di- 
ameter. One failed to make 24 out of ZS correct re- 
sponses to this stimulus difference during 197 trials. 
The number of trials before learning the easiest dis- 
crimination varied from SO to 127 trials. The average 
for all the fishes was 79 trials, representing approxi- 
mately 19 days' training. The fishes trained to the 
larger stimulus learned the discrimination in fewer 
trials (average, 63.8; range, SO-99) than those learn- 
ing to go to the smaller circle (average, 91 ; range, SS- 
127) . In two cases the number of trials for learning 
to go to the larger stimulus was greater than the aver- 
age for the group learning to go to the smaller cir- 
cle; in five cases it was less. In five cases the num- 
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ber of trials required for learning to go to the smaller 
circle was greater than the average for the group 
learning to go to the larger circle; in one case it was 
less. 

A comparison of the results of the fishes that were 
given trials in immctllate snctcssion with those that 
were allowed an interval between trials shows some 
difference in speed of learning. The latter group 
learned the easiest discrimination in fewer trials, the 
average number of trials being 71.5 as compared with 
83.3 trials for those having intervals between tests. 
Only one of the group having intervals required more 
trials than the average number taken by the other 
group, whereas five required fewer trials. Four of the 
group trained in successive trials required more trials 
than the average number taken by the group having 
intervals between trials; two required fewer trials. 

There was considerable irregularity in the effect on 
discrimination of changing the stimulus pairs. In 10 
out of 12 cases the change from a difference of 2 cm. in 
the diameters of the circles to a difference of I cm. 
caused errors to be made. In 7 cases out of 12 the 
change from a difference of 1 cm. to a difference of 0.5 
cm. in the diameters of the circles caused errors. In 
none of these instances was the number of trials neces- 
sary to establish perfect discrimination with these stim- 
ulus sets as great as it had been for the original stimu- 
lus pairs. When the stimulus difference was reduced 
to 0.3 cm., errors in discrimination Avcrc made by 8 of 
the 9 fishes tested. All these fishes learned the dis- 
crimination after further training, the number of trials 
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required ranging from Z to 27. There -was a general 
breaking-down of the discrimination habit when the 
difference in diameters of circles was reduced to 0.2: 
cm. There were two exceptions to this, One fish 
(No. 2) nitidc 12 successive correct choices after 17 
trials, but later failed with this discrimination in 23 
tests, One fish (No. 3) failed in 35 trials, but, after 
being tested again with a stimulus pair of greater dif- 
ference, discriminated perfectly between the circles 
differing by 0.2 cm. in diameter when further training 
was given. Repeated testing with the other 6 fishes 
failed to show any evidence of learning to discriminate 
this difference in the size of the two stimuli. 

When the discrimination of stimuli differing 0.5 cm. 
in diameter had been learned, a series of control tests 
was made, The stimulus sets used in these tests are giv- 
en in Table 14. The position of both lights was changed 

TABLE 14 

Showino Tin- Stimulus Sut-s Useu m the CoNTaoi, Tests 
The cliaiTictcr.s of the circles in each .set are expressed in centimeters. 

Tlic (Jist.'ince of the lights from the stiiiiulus plates 
is also indicated. 

Sthnulua act 
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3.0 

3.0 
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3.0 

3.0 
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3J 
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20 
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from 10 cm. to 20 cm. from the stimulus plates, and fur- 
ther trials were given. Five fishes made no errors, or 
errors on only the first day of these tests, Six fishes re- 
quired several trials before making perfect discrimina- 
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tion under these conditions. One fish failed in 49 trials. 
The number of trials required for learning with this 
change in the total quantity of light in the stimuli is 
given in Table 15. The appearance of disturbance un- 
der these conditions indicates that in learning to dis- 
criminate under the original conditions the response was 
determined to some extent by the absolute brightness or 
luminosity of the areas. If the discrimination had been 
based entirely on differences in the size of the stimuli, a 
change in the illuinination would not have caused er- 
rors, 

Control tests were introduced again after perfect 
discrimination between circles differing by 0.3 cm. 
in diameter had been learned when the lights were 
equally distant from the stimulus plates. The same 
Stimulus sets were used, but the position of the lights 
was changed from trial to trial, as described earlier 
in this experiment. In this way both the absolute and 
the relative photic effects of the two areas were varied. 
In some tests the stimuli were of equal brightness, in 
others they differed as much as 1 :14. The quantity of 
light in the smaller circle was made greater in half the 
presentations. This change in positions of the lights 
caused errors in all but one case. The number of trials 
required before making 12 successive correct responses 
under these conditions, when the choice had to be made 
on the basis of size alone, is given in Table 15. The 0 
fish tested learned the discrimination, In two cases 
(No, 3 and No. 7) no errors were made when the quan- 
tity of light in the stimuli was varied in this manner. 
Two fishes (No. 2 and No. 6) , after making 12 succcs- 
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sive correct trials under these conditions, failed to dis- 
criminate perfectly in later trials, alter intervening test- 
ing ‘With a smaller stimulus difference. 

Control tests of the same type were given to fish No. 
3, using stimuli differing by 0.2 cm, in diameter after 
discrimination between the circles when the lights were 
equidistant had been established. In the 47 trials given, 
the percentages of correct choices per 10 trials were 90, 
70, 90j 80, and 90. The fish did not succeed in making 
12 successive correct responses during the training with 
this stimulus set when the quantity of light in the stimu- 
lus areas was varied, 

Analysis of the results during these control experi- 
ments shows the prevalence of reactions based on the 
brightness of luminosity of the stimuli, If the fish had 
been trained to the smaller stimulus, when the position 
of the lights was varied it chose the dimmer area more 
often than the lighter area, regardless of its size, On 
the other hand, there was some evidence that training 
to the larger stimulus led to choice of the brighter of 
the two unequally lighted areas in the control tests, al- 
though the effect of die previous training was less evi- 
dent in this case. Other tests on the goldfish have shown 
that there is an avoidance of very bright stimuli when 
a choice of differently illuminated areas is given (21). 
The results of these control tests arc shown in Table 16. 
The number of errors made when the positive stimulus 
had the same relation to the negative stimulus as in the 
training series (i. e., darker or lighter), and the number 
of errors made when the relative brightness of the two 
stimuli was altered (he., if the positive stimulus was 
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TAHLE 16 

Showing Pl’iicentage of Rf.si*onses to Darker and to 
Lightl'H Stimulus When Hhirhtness of 
Areas Was Varied 

Pcrccntflgc of eiTorfl Jn 
control teats 

Poailivc Hiiii)uhi;i in Poyillvc slirriLiUis FoBltjye stjuiulns 

Pish training series tUrkcr lighter 


Na.i 

darker 

S.6 

12.7 

No. 2 

tUrker 

12.3 

197 

No. a 

darker 

5.0 

0 

Nd.+ 

darker 

2.2 

32.9 

No. 5 

darker 

0 

12.5 

No. ^ 

darker 

9.3 

12.9 

No. 7 

llRhicr 

9.0 

0 

No. a 

liKiucr 

ILi 

1L4 


darkei- in ihe training series, it was lighter in these tests; 
and vice versa) , is expressed as a percentage of the total 
number of presentations in which these combinations 
were used, In six of the eight cases fewer errors were 
made to a positive stimulus that retained the same re- 
lation to tlic negative stimulus that it had had in the 
training scries than to this same positive stimulus when 
the brightness relations were reversed. 

The average time for discrimination is shown in Ta- 
ble 17. The results are given for each 20 trials through- 
out the training. In the group learning to go to the 
smaller circle (fishes Nos, I, 2, 3, 4, 5, and 6) , there was 
an increase in time for choice in the second hundred tri- 
als, In four of the six cases there was a further increase 
in the third hundred trials. In the group learning to 
go to the larger circle (fishes Nos, 7, 8, 9, 10, 11, 12, and 
13), in six of the seven cases the time decreased in the 
second hundred trials, and decreased still further as the 
training contiinicfl, As Table 13 shows, the average 
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number of trials for learning the easiest discrimination 
was less for tliis group than for those trained to the 
smaller circle. The time for the total response decreased 
with training in 10 of the 13 cases. The average time 
for the total response during the first 100 trials was ap- 
proximately 92 seconds; for tj]e remaining trials, 60 
seconds. In nearly half the instances in which a new 
and more difficult stimulus pair was introduced in the 
training, the time for discrimination increased in the 
trials immediately following the change in stimuli, 

The difference in time required for discrimination in 
Experiments I and II may be accounted for by the 
differences in the apparatus. In Experiment I the slow- 
ness of the early reactions was doubtless due to the dis- 
turbance caused by the transfer into the experimental 
apparatus, where the lighting, shadows, and surround- 
ings were unlike those of the living-tank. When the 
fish became used to these conditions, or to being moved 
from living-tank to discrimination box, there was a 
marked drop in the time preliminary to the choice re- 
action. In Experiment II, with uniform environment 
and lighting in the tank and in the discrimination ap- 
paratus, there was little disturbance of this kind, so 
that "discrimination" time did not decrease as much 
during the course of training. Here, however, the lar- 
ger dimensions of the apparatus allowed more room for 
swimming back and forth before making a choice, and 
consequently the time for discrimination tended to be 
higher. 

A comparison of the results of the group having trials 
ill immediate succession with those having longer inter- 
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vals between trials shows that the time for choice was 
longer for the former group (average of 36 seconds, 
as compared with an average of 28 seconds) . The time 
for total reaction was also longer for this group (aver- 
age, 81 seconds, as compared with 51 seconds), The 
factor of motivation doubtless entered in here. When 
the fish was given three or four pellets of food as quick- 
ly as it made that number of correct choices the hunger 
drive would naturally be Jess effective as an incentive to 
response in the later trials. When the fish was returned 
to the living-tank each time that it secured a bit of 
food, it ate the food during the interval before it was 
returned to the apparatus and was ready for another 
pellet by the time of its next trial. The responses, in this 
case, would tend to be made more quickly, 

Table 18 shows the average time taken for correct 
choices and for errors. In 8 of the 13 cases the time for 
correct choices was greater; in 4 cases the time for cor- 
rect choices and for errors was approximately the same; 
and in 1 case the time for correct choices was shorter. 
The differences are, however, not statistically reliable. 
In the case of fish No, 11, there are 90 chances in 100 
that the difference represents a true difference. The 
differences in the other records are less significant. 
These results differ from the findings in Experiment I. 
In the previous experiment the errors were made after 
more or less time had been spent in random swimming 
about the tank, whereas the correct choices were made 
quickly when the fish attended to the stimulus pair. In 
Experiment II there was noticeably less of the random 
swimming. As soon as door was opened, the fish 
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moved into compartment B, and from there, with little 
delay, into one of the passages at the side of the parti- 
tion, The tendency was to make quicker choices when 
the difference between the stimuli was great and to 
hesitate longer over the more diflicult discriminations. 

The number of responses showing marked hesitation 
before choice was relatively greater in this experiment 
than in the previous one. On the average, this hesita- 
tion delayed the response S seconds, In all cases more 
of the responses made after hesitation were correct 
than were incorrect. More correct choices were made 
after hesitation than were made without hesitation, 
Table 19 shows the proportion of correct and incorrect 
discriminations made with hesitation before choice. 

The results of the experiment show that the goldfish 
can discriminate between two visual stimuli on the basis 
of the difference in the size of the areas, When the 
lights illuminating the stimulus plates were at the same 
distance from the two stimuli, all the fishes discrim- 
inated between circles differing in diameter by 2 cm., 
1 cm., 0.5 cm., and 0.3 cm. Two fishes discriminated be- 
tween circles differing in diameter by 0,2 cm. When 
the absolute and relative photic effects of the two areas 
were varied from trial to trial, 6 fishes discriminated 
between a standard circle 3 cm. in diameter and a circle 
0,3 cm. larger. Two fishes discriminated between the 
standard circle of 3-cm, diameter and a circle 0.3 cm. 
smaller. In one case, a circle differing by 0.2 cm. from 
the standard was successfully discriminated when the 
amount of light in the two areas was varied from trial 
to trial. Compared with limens for visual discrimina- 
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ti'on in other animals, these results show a high degree o| 
acuity in the goldfish. Hingham (I) found the liiiien 
for the chick to be a circle from 1/4 to 1/6 larger than 
the standard circle of 6-cm. diameter. Coburn's (6) ex- 
periments showed thatcimvs could distinguish between 
circles when the difference in diameters was 1 :10 al- 
though no attempt was made to determine whether this 
was the threshold for discrimination. The limen for 
discrimination of size in goldfish, under the conditions 
of the present experiment, is a difference of 1/10 of 
the diameter of the standard circle of 3.0-cm. diameter. 



IV 

SUMMARY AND CONCLUSIONS 

A. Pallern Discrimination. Six goldfish, Caras- 
sius anralus, were trained to discriminate visual stim- 
uli of different patterns, The stimuli consisted of cards 
on which were painted black and white stripes of equal 
widths. The following results were obtained: 

1. All the fishes learned to discriminate between 
cards having stripes 10 mm. wide and cards having 
stripes 2 mm. wide. 

2. Four fishes discriminated between the patterns 
when the stripes on the two fields Avere 10 mm. and 5 
mm., respectively, 

3. One fish consistently chose the card bearing the 
narrower stripes when the difference in width of stripes 
was 2 mm, 

B. Size Discrimination. Thirteen goldfish were 
trained to discriminate visual stimuli of different sizes. 
The stimuli consisted of illuminated circles of unequal 
areas, the standard stimulus being a circle 3 cm. in 
diameter. The following results were obtained; 

1. Twelve fishes learned to discriminate between 
circles differing in diameter by 2 cm., 1 cm., and 0.5 cm. 
when the brightness of the areas was not equated. Nine 
fishes learned to discriminate circles differing by 0.3 
cm. under the same conditions. Two fishes learned to 
go to the smaller circle when the difference in diameter 
of the two circles was 0.2 cm. 
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2. When the absolute artel relative photic effects of 
the stimulus areas were varied from trial to trial, 8 
fishes discriminated perfectly between circles differing 
by 0.3 cm. in diameter. Only one fish learned this dis- 
crimination when the difference in diameters of the 
two circles was 0.2 cm. Under these conditions the 
limen for discrimination of size is 1/10 of the stand- 
ard circle of 3 cm. diameter. 
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LES SEUILS DE OISCklMlNATlON DU TORME RT DE CniANDEUK 
CHEZ LE F01S80N KOUGIv C/IRA.S\SIUM JUn.lTVX 

(Runtime) 

On a fait tlcux cxiiericncca \\umt (lc(erinint|r Ics [ilu^ pcilUM i(ifTc:r trices 
que Ic poiasnii ruuKU Cnrajiiuj ttumluj, |iciil rliaiiiiKUcr iliiiip (1) dcB miriHilI 
visLicls cic liilT^ruiitcii foriiicD; (2) ilniiN ties aiiiiiiili visiich rlc iJiircrciucN 
grnndcura. On n cniplDvi iiiii? hulfc iiiMililii^c Ics rc|uMiHc» 

cori'ccLca Main rfcompcnTttics par ile la iioiirriiurc;. J)anp Tcxp^riciicc l jcri 
atimiili ont conaiiiie cn curica »iir IcpiimcIIcii imiI ^l6 pciiiicH ilei liiinilcs 
noircs ct blnnclica ilc miine ^rniidciir. tSix pniBaiiiiH iiiu ajipriH tliscriniinur 
entre Ics formes quaiul les linii|kR Aiir Icp ilciix diuiiipN nnt cu Ktnirilca 
du 10 rnin. ci dc 2 niiiK rc3|iL'cli>'cnidiHi (iiiuirc tic i:ch |iuissniis oni par- 
faitcmcht discriintn^ rjiiniiil lea h mules iini ck rfu rules ilc 10 miii. ti ilc 
j mnn. De plus peiiies ililTcrcnccH dc fiirnlc uiil dk discriiiiinccs pur un 
poiason. Dans I’cKpcriGncc 2 Ics Rliiiuili uiii umsisk cn nircs illunnnccs 

dc grandeur Iri^Kalc, Ic siiinuliis ilalnii durii uii ctridc d’lm dimn^lrc dc 
3 cm. Douzg puissons tiu appriH h discriiiuiier ciurc \e ccidc dalnii ci 

ics sLimuli qui ont un dinmclrc dilTdreni dc 2 nil., tie 1 rni., ci ilc 0,5 an. 
qiiniul In cUrid dcs aircs ii'a |»nH clc rendu c^alc. La iliMiriniiihaiidii 
eiifrc dea cerclcs dilTdrani de (1,3 nil. a tk faiic par iieiif juiisKiuiH; «| de 
ccrclcs differaiit dc 0,2 cm. par deux pnisKoiin. Uiiaiid les cHns phiiijriucs 

nbsolus ct rclaiifp des nires dcs siiiiuili nni cic vaiidti d'eprenve ni dpreuve 
(nil ninycn dc changer la iliHinnce lies luiniercK dc» |ilriijuen Miiiiuluiilert) , 
liuit poiasons^ niu parfnUcincril iliurriiiiiiiii eiiirc drs leii lrHi diirdmiKi dc 
0,3 cm. cn dlnmdlrc. Un pnissriri ii diu riniine i|uaiid la dilTdrciiie □ cid 

rddiiilc A 0,2 nil. Dnnn fcn riJiiiliiiiilui le sniil puur la di-urriiuinalloii dc 
111 ('raiulcur a did lc dixidme dn ceri'lc dialun. 
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die UNTERSCHElDUNGSriiMIGKElT DliS GOLDFISHES 

RASSrUS AVRATUS) IN BEZUG AUF GESTALT UNI) GHdSSE’ 

(Rcfcrat] 

Ea wurdcn zwci Vcrs’uchc uniernonimcni Hesummung ilcr kleinaien 
UnicrBchleclc, die von dcni GDldliacIt, CtirffiMiui auraiuj, vcriiujniiicn wcrdeii 
konnun: (1) laci vUucIlen KeUuoKcn durcU vcr^chicilenc GcataUen, unil 
(2) bei viaiicllcn Rei/^ungen tlviriiU vcmclnetlciie GroA^en* Es wurde dcr 
Yerkcs-WnLsidn'Bche Ve ranch akuaicn vcrwchdci; ricliilgc Hcnklloncn ^vurden 
mlt Eaiien vcrgcltet. Im cralcn Vrraiidli bcataridcn die Kei^c aija Karten, 
wcichc mit achwnrzca und wcisien Slreifcn von glcicbcr Urcitc benialt 
waren. Seebs Flachen gdang ca, z^viacben den Miiaicrn [|inllcriia] zu 
unteificheideni wenn die Slrclfcn ouf den zwei Fcldcrn rcapekliv 10 mm. 
und min. breit waren, Vicr dicHcr Fiaclic machlcn diirchnua richligc 
Unterscheidungen Avenn die Slrcifen Oiif den zwei Feldcrn rcspckliv 10 
TUTU, und ^ mm. brclt wnren. Eiacm FiacVi gclnnKcn Bogar fc'mcrc Unicf- 
acheidungen zwischen vcrachieilcncn SircifbrcUcn. Iin zwciicii Experi- 
ment beamndcn die Reize nua crhclllcn FUchen imgleiclier Grdaacj woLiei 
ein Kreia mit einem Durchmcaacr von 3 cm. nia Nonniilrcu gait, ZAvillf 
Fiache lernten, zwiachen dem NormnlkrciH iinil Ucizen zii uiUcraclieidciij 
deren Durchachniit 2 cm., 1 cm,, tind >5 cm. von dem NcrmaldurclisclinlLt 
flbwichen, ohne Gleichschaliung der Ilclligkcii der riftclien. Neun Fiachen 
gelang ea, zwiachen Krciacn, dcrcn Durclimeaacr .3 tm. yon einander 
abwiclicn zn unicrBchcicIcji, und zwei Fiachen geinng die Unicrachcidung 
bei .2 cm. Unicnchicd. Variirle innn die ali.sohiiun und rclntivcn LicKicin- 
wirkungen [pholic cflccla] der Aciznitchen in den verflchlcdeiicn Ver- 
aucVien dndurch, dnss man die Enllcrnung der Liciucr^von ilcn Rci/ploltcn 
wechgehc, ao unterachieden nclit Fiache durchnui ricliiig ZAviachcii Krcj.Rcn, 
deren DurchachniUc J cm. von cinandcr nliwichen. Ein Finch kunnic nodi 
uritcrachcideii, wenn der Unlcrachied bis nuf .2 cm. licrnligcacF/t worden 
war. Unter dleacn Umsiandeii beinija^ die Unleracheiihingsachwcllc [limen 
{or diacriminatioti] fiir Groasc ein Zchntcl clca Natmnlkrciaca. 
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I 

INTRODUCTION 

During the past few decades a wide variety of ap- 
paratus has been devised for use in the study of the re- 
active capacities of animals, In spite of this fact, the 
various devices in use may be classified into two general 
types: {!) mazes and (2) problem apparatus. Some 
notion of the great variety of maze patterns that have 
been developed may be had by referring to the recent 
monograph of Warner and Warden (17). A less- 
detailed classification of types of problem boxes will be 
found in an article by Jenkins (6). As these authors 
point out, mazes and problem boxes have usually been 
devised with reference to a particular species of animal 
and are seldom generaiized enough to be useful in the 
comparison of animals of different species. They have 
been used, in most cases, to study various conditions 
of learning within a given species, It should be clear 
that any comparative psychology worthy of the name 
must include the iiitercomparison of species, genera, 
phyla, and the like. This involves the testing of dif- 
ferent types of organism on the same task under 
properly standardized conditions. The interest in 
strictly comparative problems was the first to arise in 
the animal field. The need for this type of study has 
been emphasized by Thorndike, Yerkes, Watson, and 
many other leaders. In spite of this fact, this phase of 
the program of cfimparativc psychology has been large- 
ly neglected, 7''1jc reason lot this neglect is not far to 
seek. It is extremely diflicult to arrange a standard 
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task for species of animals which differ in motor equip- 
ment. Pulling a string may be easy for a cat or mon- 
key but it is likely to be difficult for a dog or a 
guinea pig. If such a device were used, differences in 
score would reflect differences in intelligence much 
less, perhaps, than divergence in the type of appen- 
dage possessed by the several species. It may be laid 
down as a general principle that any common task to 
be used in comparative tests must require some type of 
manipulation that is natural to each of the species to 
be tested. The task may be complicated by introduc- 
ing spatial and temporal pattern factors rather than by 
bringing in a new type of movement which is less 
natural to some species than to others. 

The Jenkins problem box, which will be described 
in the following chapter, was especially devised for 
the comparative study of mammalian types. The mo- 
tor response itself involves merely the stepping on a 
plate in the floor of the apparatus — a movement that 
is simple and natural for all types of mammal. The 
task is complicated by introducing a progressive series 
of pattern elements — all of the same general order on 
the motor side. Since it is possible to complicate the 
task within extremely wide limits, it is possible to de- 
termine the levels of capacity of various species for this 
kind of task. The apparatus is being utilized in the 
Columbia Laboratory to determine comparative in- 
dices on various mammalian forms. The limits of 
learning in kittens as determined by this method have 
already been reported by Shuey (13). The present 
monograph is devoted to a comparison of two common 
rodents: the white rat and the guinea pig. The work 
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oil the rliL'sTis iiiiiilkL-y by will appear in a later 

inoiiDi^rapIi in this series, while the testing of the cehus 
monkey is now niuler way in this lahmntory. 

Historical hackji;rouiul for the present series of ex- 
periments is aliiiosi wholly lacking. The nearly com- 
plete lack of inforinatioii on learning in the guinea 
pig is all the more noticeable in view of the extensive 
literature concerning itself with the white rat. But 
five studies have been made which cover modification 
of behavior in the guinea pig. Of these, two deal with 
the problem box. Muenzinger (10) and Muenzinger, 
Koerner, and Irey (II) have investigated mcehaniza' 
tion and plasticity of hehavior in a simple thumb-latch 
ho.\. I'he otlier studies are a simple discrimination 
transfer jiroblein undertaken by llatlley (4), an appli- 
cation of the conditioned-response technique t,o audi- 
tory limens liy Upton (14), and a duplication of Wat- 
son’s early rat work by Allen (I). The latter study 
represcftfs’ the sale attaufit {<t iytmfurc these twa anu- 
mon nnlents. Allen's results on nervous development 
as correlated with behavior are compared to identical 
work done by Watson on the white rat. However, the 
situations studied were extremely simple and the tech- 
nique poorly standardized. 

Limits of learning as a problem in comparative psy- 
chology has an c\'cn more incomplete past. No c.v- 
perimeiitation has been conducted on the problem in 
rodents and there are few studies of tlie higher orders, 
The present experiments, together with those in prog- 
ress at the Columbia Laboratory, may he considereil 
as attenijits to lill out this gap in comparative learning 
studies Ilf mammalian types. 



APPAHA'i'(T,S 


Di’sci'ipliou of Appiti'ulus, I lie iiiijiiiraUis uscil in 
these experiinciyts is a ivimlHic;Ui'iii '>f problem box 
(Icscribetl by Jenkins (6) nml employed by Sbiiey (13) 
on kittens, 'riie e.Meriial appenriincc ami ilimensions 
of the box arc shown in Figure I. I'hc llonr consisteil 
of a solid piece of smooth, wliite pine mounted on legs 



I'JGIIRI': I 

lilxTiviuoa 01- Piii)iu.I':m Ijmx 

il — suurcc, 45 cm. in (liiiim'tcr ; In'i^hr iiImat c;i;:c\ 5 cm. 

W — ciiver of rcuctinn niniiiartmeiU, lit'iiilit from hip of com pari men t 
lit inner 14 cm, ; liishiiKT fmm to eilm*, -[-S cm. 

C — one-way li^rlit .screen, lieij^ht I'min Hour of liox, 4S cm. 

/) — cntnuicc luix, 23 x 24 x 3(> cm, 

Ji — cl nor to entmice box 

F — pulley and cord ciinncctiii|T il(]ni' wiili coiurol table 
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which raised it ta a height of 45 cm. from the floor 
of the room. The problem box itself was constituted 
of three cages (Figure 2) : an entrance box, the reac- 



jU.fl. — entrance box 

— ^renct/on compart/ncot 
— food box 

Jj 2j 3 — ^plates, 15 cm. in di'anaetcr 

di, ^2, r/fl — doors to the entrance box, reaction compartment, and 
food box 

tioti compartment, and the food box. The entrance 
box floor was of wood with metal sides and 1-inch 
heavy wire-mesh top. It was screwed to the test cage 
in such a way that its floor was flush with that of the 
reaction compartment. Doors closed off both ends; 
that which led to the test cage was made of mathemati- 
cal celluloid and was operated noiselessly in oiled 
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grooves. It was raised by a cord passing over a pulley 
and fastened at the other end to the control table. 

The reaction compartment and the food cage were 
concentric cylinders of J-inch heavy wire mesh. The 
distance from the outer wall to that of the incentive 
box was 45 cm. In the latter^ opposite and parallel 
to the door of the reaction cage, was a curved, wire- 
mesh door (Figure 2) which moved in an arc parallel 
to the circumference of the food box. Broken, lines 
mark its open position (Figure 2) . 

In the floor of the test cage were three circular plates 
(Figure 2) of hard maple into which had been sunk 
thin copper strips so connected to a Columbia Electric 
Stimulator that an animal could be given a shock if 
desired. The plates were level with the floor and re- 
mained in natural color whereas the floor itself was 
painted battleship gray. 

The reaction compartment was entirely surrounded 
with a one-way light screen of fine copper mesh sprayed 
with white paint. Four removable circular segment's 
made of the same screening served as covers for the 
cage. These sloped upwards toward the light source. 
This consisted of a circular reflector hung on a swing- 
ing arm bracketed to the wall of the room. Light 
was diffused equally over the entire box by eight 40- 
watt Mazda lamps arranged in a circle back of a 
inch opal glass plate. In order to make the one-way 
screen effective, the experiment was conducted in a 
dark-room, 

The control table, at the end of which the experi- 
menter sat, was 80 centimeters to the right of the prob- 
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Jem box. Two tall wooden screensj painled wJiite, 
ierved to make ihc backfirouiiil to the right and in back 
of the bo.x similar to tliat of the rest of the room. The 
mechanism of control is given in Figure 3. The elec- 




riCJURK 3 

DjACMAM op Kf.HCTRJtML APPAPIATUS for TJiii Rjmasii 
OF run Door 
aseftcli controlling i‘nf)iic 
2aj 2lj 2c — swiiclics cmUruIlini' sii^nul lights 

i?fT^ 3ff, 3c ^si^I1Rl liUlips 

Jfij 3c — resistance lamps 
^ — tclc^raiili key 

5 — iKikt’liic, imjlu-cio)iiJi;l, plio' 

bakduc, iinilii-coniaLt, pani'l jp) box 

clcctniniiipiriri 

S/}, /itr—coniicctinns to three plates 
Kumlicr.i J to 5 arc relriteil to ilic coot nil liiblc, ruimhcrs 6 to 8 
arc found on the box itself- 






Ill 

ANIMALS AND PROCEDURE 
ANIMAI.S 

The subjects in the first part of the study, hereinafter 
called Experiment I, ‘were 35 albino rats supplied by 
the Albino Supply, Inc., Philadelphia, Pennsylvania. 
Age-weight data for the individual animals are given 
in Table 1, All rats were males of medium size, 
weighing from 90 to 100 grams, with an average weight 
of 87.7 grams. The last item recorded for each animal 
in Table 1 represents the age at which the rat was final- 
ly discarded after having failed to attain the norm of 
mastery set for ihe problem. 

In Experiment II the subjects were 30 varicolored 
guinea pigs obtained from the Breeding and Labora- 
tory Institute, New York City. Table 2 shows the 
age-weight data for the individual guinea pigs. The 
animals were males of medium size, averaging 307,9 
grams in weight with a range of 380 to 402 grams. 

A comparison of two types of animals under identi- 
cal conditions involves the equation of the two groups 
in age, sex, and other factors at the outset of experimen- 
tation. Inasmuch as rats and guinea pigs vary widely 
in the degree of development at birth and in the rate 
of postnatal growth, it is difficult to determine the ages 
at which these animals arrive at exactly the same level 
of maturity. Figure 5 shows the data relevant to the 
question, The curve for rats was obtained from Don- 
aldson (2), that for the guinea pigs from Minot (9). 

The age and weight at sexual maturity are indicated 
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TABLE 1 

Showikg Weight (in Grams) and Age (in Days) at the 
Beginning and the End of Experiment I 

The age records are obtained by adding to the number of days 
spent in the laboratory a constant, 60, which represents according to 
Donaldson (2, table 157, pp. 276 ff.) the age at weight 00-100 

grams- 


Rflt 

number 

Weight 

Beginning End 

Age at end 
Step I Step II 

of 

Step III 

1 

30 

176 

158 

298 


2 

B3 

158 

218 



3 

BO 

171 

109 

219 


4 

92 

188 

108 

194 

334 

5 

100 

193 

90 

130 

270 

6 

BO 

23 C 

168 

258 

398 

7 

B1 

160 

116 

256 


S 

95 

111 

135 

275 


9 

U 

12fi 

94 

234 


10 

H 

120 

218 



a 

9B 

200 

110 

250 


12 

91 

190 

218 



13 

B5 

192 

166 

306 


14 

B3 

162 

218 



15 

89 

172 

102 

242 


Ifi 

94 

164 

138 

278 


17 

93 

141 

111 

180 

320 

IB 

U 

103 

218 



19 

97 

134 

218 



20 

B2 

156 

B7 

163 

303 

21 

82 

165 

147 

2^7 


22 

91 

186 

1Z4 

264 


23 

85 

171 

218 



24 

HO 

190 

106 

246 


25 

96 

16H 

218 



26 

90 

212 

148 

288 


27 

95 

143 

142 

174 

314 

2B 

BI 

155 

B4 

152 

292 

29 

H 

216 

2ia 



30 

93 

187 

134 

184 

324 

31 

91 

176 

118 

258 


32 

82 

123 

218 



33 

80 

117 

218 



34 

9H 

155 

116 

256 


35 

01 

138 

118 

258 




320 


dhrnaud f. Rinss 


TAULE 2 

Showing WmonT (m Grams) and Agb (m Davs) at thd 
Beoinwinq and THJ5 End op Exi'isrimunt II 

The age records arc obtained by adding to the number of days 
spent in the laboratory a constant, 73, wliich represents according 
to Minot (9, pp. 97 ii.) the age at weight 380-400 grams. 


Guinea pig 
number 

Weighl 

Beginning 

End 

Age al end ai 

Step I Step II 

1 

3B0 

524 

124 

244 

2 


541 

226 


a 

381 

590 

226 


4 

392 

467 

226 


5 

3!)( 

562 

147 

2B7 

6 

3H7 

609 

125 

265 

7 

391 

495 

226 


B 

393 

677 

IBi 

301 

9 

IBS 

519 

132 

272 

10 

^89 

571 

122 

262 

11 

394 

601 

226 


IZ 

397 

587 

226 


13 

387 

5124 

226 


14 

3B0 

SS5 

121 

228 

15 

39B 

6Z3 

226 


16 

482 

672 

150 

290 

17 

379 

466 

137 

157 

IB 

3BB 

533 

116 

216 

19 

388 

506 

226 


20 

392 

S57 

116 

256 

Zl 

39« 

49fl 

226 


22 

384 

625 

in 

251 

23 

3Bt 

501 

226 


24 

382 

5>|0 

124 

164 

25 

390 

682 

136 

255 

26 

38S 

463 

226 


27 

381 

784 

IBO 

320 

2B 

3BS 

497 

226 


29 

382 

503 

226 


30 

3B(i 

692 

174 

3H 


for both groups in relation to the weight and age se- 
lected for experimentation. It will be seen that the 
animals used in both experiments were approximately 
at the same point of development in respect to the rate 
of growth and the date of sexual maturity, In order 
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Showing the Weight in Grams at Various Ages in Months 
FOR White Rats (Modified from H. H, Donaldson) 

AND FOR Guinea Pigs 

The ordinate axis represents weight and the abscissa age in months. 
Open circles indicate weight and age at time of arrival in the labora- 
tory. Closed circles indicate tlie age and weight at sexual maturity. 

to avoid any disturbance due to the oestrous cycle, only 
males were used in this experiment. 

The preliminary procedure was devoted mainly to 
taming the animals and accustoming them to labora- 
tory and experimental routine. Immediately after 
arrival in the laboratory, the animals were placed in 
the quarters in which they were to live throughout 
the experiment. The living-cages for the rats con- 
tained six animals each and were constructed of metal, 
18 by 12 by 12 inches in size. They were closed on 
three sides and had a solid bottom on which sawdust 
was spread for bedding. Fresh water was obtainable 
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at all times from an inverted siphon bottle attached to 
each cage. The living-quarters for the guinea pigs 
also held six animals each but were much larger than 
those for the rat, being 24 by 22 by 30 inches in size, 
They were made of metal mesh and had heavy grills 
for floors, below which were removable metal pans full 
of wood shavings. Water jars were kept in all cages 
throughout the experiment. The task of motivating 
the animals was started on the second day of their 
laboratory life when they were fed at the hour at which 
food was to be given during the training period. The 
food itself was not administered in the living-cage but 
in identical cages which were, however, not supplied 
with sawdust. The white rats were given whole- 
wheat bread soaked in milk together with a bi-weekly 
ration of greens. The guinea pigs were fed chopped 
carrots and lettuce. Food for the rats was supplied in 
liberal amounts, about 6 ounces to a cage, and was 
removed after ten minutes, whereas the guinea pigs 
were allowed a limited amount of food which remained 
in the cage for two hours. The total weight of carrots 
and lettuce was 9 to 10 ounces to each group of six 
animals. The guinea pigs were fed for a longer period 
than the rats because it has been found that the former 
animals will not learn to gorge themselves in a limited 
time but nibble at the food intermittently over a longer 
interval. It was also found necessary to place large 
pieces of soft wood in the cages of the guinea pigs in 
order to satisfy the gnawing propensities of these 
animals. 

On the third day, the ears of the animals were 
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clipped in various ways so as to differentiate one from 
another. All of the subjects were handled twice each 
day by the experimenter so as to accustom them to the 
removal to the experimental room, at; a distance of 
some 70 feet from the vivarium. The treatment 
during this adjustment period was determined by pre- 
liminary investigation on separate groups of subjects. 
From the results of this survey it was decided to extend 
the handling of the guinea pigs one week beyond the 
fourteen-day period commonly adopted for white rats. 
The extension was made necessary because the guinea 
pigs did not respond to taming as readily as did the 
rats. The length of time adopted for each group was 
found to equate this difference in wildness very suc- 
cessfully. 

A short period for adjustment to the apparatus lias 
been found to be of value in much of the work in ani- 
mal psychology. Warden (17) has shown that feeding 
and exploration preliminary to actual experimentation 
reduces the total learning time by more than 60 per 
cent. Therefore, following the laboratory adjustment 
interval, the animals were transferred, one at a time, 
to the apparatus which had been baited with food in the 
entrance and food boxes. Five minutes each in the 
two compartments was allowed the subject for explora- 
tion and the setting-up of food-association habits. The 
rats were given seven days of this treatment, the period 
for the guinea pigs being prolonged to twelve days. 
The difference, determined as above by preliminary 
experimentation, was caused by the persistence of nan- 
adaptive behavior in the guinea pigs. All in all, then, 
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there elapsed three weeks from time of arrival to the 
beginning of testing for the rats and thirty-three days 
for the guinea pigs. In general, the variation in these 
periods may be ascribed to the slowness of adaptation in 
the latter group of animals. 

Training Procedure 

The first subject in the first cage was transferred to 
the entrance box. The experimenter then seated him- 
self at the control table and pulled the cord which 
raised the door to the reaction compartment. As soon 
as the animal entered the latter, the stop-watch was 
started and various behavior records were taken. Im- 
mediately after the animal had stepped on the correct 
plate or plates, the telegraph key Was depressed with 
the resultant release of the door from the electromag- 
net. The door opened and the animal was timed as 
it entered the food box. Each animal was allowed two 
to three nibbles of food and was then replaced in the 
entrance box. A time limit of five minutes per trial 
was set for the first 20 trials and thereafter at three 
minutes. If, at the end of that period, a subject had 
not made a correct response, it was placed in the en- 
trance compartment and the trial listed as a failure. 
For the first six days of training, the above constituted 
the daily work per animal. On the seventh to the tenth 
days, the procedure was repeated twice and from the 
eleventh to the fifteenth, three times. Thereafter, the 
maximum number of trials was maintained at five per 
day for each animal. That this number did not result 
in a loss of motivation was brought out by comparison 
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of various distributions of practice among different 
preliminary groups. 

When the subject had finished the daily task, 
he was returned to the food cage in the vivarium where 
he waited until all six animals in the living-cage had 
been run. Food was then placed in the food cage and 
the animals allowed to eat for ten minutes in the case 
of the rats and for two hours in the case of guinea pigs. 
The difference between the two types of rodents in 
feeding-times arose because it was found in preliminary 
experimentation that guinea pigs required a compara- 
tively long time to finish the food set before them 
whereas rats learned to gorge themselves within the 
period allowed them. The incentives used in the prob- 
lem box were whole-wheat bread soaked in milk for the 
animals in Experiment I and lettuce for those in Ex- 
periment II. Both the bread and lettuce were chopped 
into such minute pieces that no animal was able to 
retain any of the incentive after the time allowed for 
eating at the end of each trial. In addition to the 
available incentive, a dish of the same food was placed 
in the food box but was covered with a large inverted 
hemisphere of fine wire mesh. This prevented the 
animal from eating the contents of the dish, which acted 
as a stimulus enhancing the value of the original in- 
centive. Throughout all trials the experimental room 
was kept in darkness. A large, high-speed, electric 
fan served as a constant noise screen and prevented any 
disturbances from street and other incidental noises. 

The data taken during each trial maybe convenient- 
ly divided into two types: records of learning and rec- 
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ords of activity. In the former class, the number af 
trials to learn and the errors involved in learning con- 
stitute the data. In the second class are the time from 
entrance into the reaction compartment to entrance 
into the food box after solution of the problem, the 
number of plates depressed, and the number of quad- 
rants traversed, The last measure was obtained by 
dividing tlie floor of the box into four equal segments. 
Quadrant A included the area around the doors to and 
from the reaction compartment. The other sections 
(B, C, D) each contained one plate and adjoining floor 
space. These activity records were readily taken with- 
out marking off the floor of the box by noting the posi- 
tion of each of the four parts of the cage cover, the 
boundaries of which coincided with those of the vari- 
ous quadrants. Numerous types of incidental be- 
havior, which could not be tabulated, were recorded by 
the experimenter during the course of each trial. Some 
use of these data will be made in the interpretation of 
the results. 

Animals were run for seven days in the week, start- 
ing each day at the hour when the type used was most 
active. The white rats were tested from 7:30 P. M. to 
approximately 2 ;00 A. M. In the second experiment, 
the guinea pigs were run from 2 ;00 A, M. to about 9 :00 
A. M. These times agree with the finding of Nicholls 
(12) on differences in diurnal activity rhythms in rats 
and guinea pigs. 

Noiims of Mastery 

Nine perfect trials in a sequence of ten was set as a 
norm of mastery. The attainment of lower norms was 
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noted, but no animal was set a more complicated prob- 
lem until he had mastered a given step up to the high- 
est norm. A perfect trial was one in which the subject 
proceeded directly to the correct plate or sequence of 
plates and then stopped or returned immediately to the 
door of the food box. Any movement indicating a 
tendency to continue on after the correct reaction with- 
out returning for food was listed as an imperfect solu- 
tion, As soon as the norm of nine out of ten perfect 
trials had been attained, the animal was sent on to the 
next step. If, after 700 trials, a subject had not as yet 
solved the problem under the norm of mastery set, it 
was discarded and listed as having reached its limit. 
This number of trials, as the criterion of failure, was 
arrived at by preliminary research which showed that, 
in the animals tested, none that had failed to reach the 
norm in SOO trials succeeded in the next 200. Seven 
hundred trials was set^ therefore, as the limit within 
which learning might take place, One exception to 
this general procedure was made, It occasionally hap- 
pened that an animal failed to manifest any activity 
when in the reaction compartment. The three minutes 
were spent in merely sitting or in sniffing at the food 
box without any exploration or activity in the reaction 
compartment. When this occurred 100 times in suc- 
cession in any step but the first, the animal was dis- 
carded. Very few subjects showed this consistent in- 
activity and when it occurred on the first step they 
were run 500 trials before being dropped so as to give 
them every opportunity to learn the step. 



IV 

RESULTS OF EXPERIMENT I 

This experiment consisted in the training of male 
albino rats on the three steps constituting the basic 
problem in the apparatus used. The first step neces- 
sitated the depressing of a single plate. This was sit- 
uated to the right of the food box and will be herein- 
after referred to as plate 1. When the norm of mastery 
of 9 perfect trials out of 10 had been attained, training 
on the second step was immediately begun. This in- 
volved learning to depress plates I and 2, the latter 
being to the rear of the reaction compartment. Step 
lit was next set the animal. This consisted in the 
addition of plate 3 to the other two, the pattern being 
plates 1, 2, and 3 in sequence. In the second and 
third steps, correct solution was achieved only when 
the plates were depressed in the correct order without 
any intervening activity. Throughout the training 
period no extraneous cues such as electric shock or 
other punishment were supplied nor was any attempt 
made to enhance the value of the plates as stimuli. The 
indication of correct solution was the opening of the 
door to the food box subsequent to the depressing of 
the last plate in the sequence. 

In Table 3 are given in detail the trial, time, and 
error scores of the individual rats tested in the basic 
problem under the norm of mastery described above. 
The first trial of the experiment is excluded in all the 
records in each column of the tabic since this was con- 
sidered as a part of the preliminary training. The last 
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8 or 9 trials of the norm of mastery are also excluded. 
That is, records cover the period from the second trial 
given each animal through to the first trial of the 
criterion series, provided that the latter was perfect. 
If the subject made an error on a trial and then ran 
successfully for 9 consecutive times, the record will 
include the first two of the 10 trials of the norm. 

The first column in Table 3 under each step gives 
the total number of trials taken in the solution of that 
step. In the second column are given the total error 
scores, the various types of which will be discussed in 
connection with Table 7. The total time in minutes 
spent in the reaction compartment prior to entrance 
into the food box is given in the third column. The 
last column under each step shows the type of failure 
for which the individual animal was finally discarded. 
Failure I means that these animals showed complete 
inactivity over a three-minute test period throughout 
a sequence of at least 100 trials, That is, the subjects 
did not, on such trials, move out of the front quadrant 
surrounding the doors to the entrance and food boxes. 
In such cases, the time was spent mainly in washing, 
licking, or scratching, but no exploratory behavior or 
excursion into other quadrants was observed. Failure 
II means failure to depress the correct plate or plates 
within the three-minute period constituting each trial 
for at least 100 trials. The rats were active and ran 
around from quadrant to quadrant, depressing one or 
more plates, but they displayed no evidence of a definite 
plate habit. Such animals were not rewarded imme- 
diately with food at the end of the trial but were re- 
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placed ill the entrance box and given another trial. 
After 5 trials in which this non-adaptive behavior was 
shown, the rats were replaced in the feeding-cages 
and further penalissed by being restricted to one-half of 
the usual ten-minute feeding period after the success- 
ful rats in this cage had been fed. Failure III was 
the most common of all and involved the inability of 
the rat to reach the norm of 9 correct reactions in lO 
consecutive trials during the course of the entire ex- 
periment. This type of failure was checked against 
an animal only after 700 trials had been run. Only 
those rats which learned under the norm described 
above were advanced to the next higher step. The 
lacunae in the tabic are to be accounted for by the 
dropping-out of the animals that showed one or another 
of the various types of failure. 

Several facts stand out in an examination of Table 
3. In the first place, it may readily be seen that, under 
the conditions set, the limit of learning was reached on 
the second step of the basic problem. None of the 
rats tested learned the third step. It will be noticed 
also that the groups showed extreme variability in all 
of the measures indicated. In Step I the scores for 
the animals which learned ranged from 30 to 453 trials, 
lOO to 1242 errors, and 12 to 330 minutes. In Step 
II the corresponding ranges are from 160 to 432 trials, 
598 to 3183 errors, and 31 to 220 minutes. It will be 
seen that all of these ranges rise in the second step 
over the first. Since none of the animals reached the 
norm of mastery on Step III, the corresponding data 
for this stage ate not available, 



limits of learning in rat and guinea pig 333 

TABLE 4 

Showing the Total Number of Rats Used and the Number 
AND Percentage Completing Each Step under the 
Three Norms or Mastery 

Norm i is 9 perfect trials in a sequence of 10. Norm 2 is 4 
perfect trials in a sequence of 5. Norm J is 1 perfect trial in a 

sequence of 2. 





Step I 

Step II 

Step III 



Total number used 

35 

24 

a 

Norm 


Number which learned 



0 

1 

Percentage which learned 

69 

33 

0 

Norm 


Number which learned 

3+ 

14 

3 

Z 

Percentage which learned 

97 

58 


Norm 


Number which learned 

35 

24 

a 

3 

Percentage which learned 

100 

100 

100 


Table 4 gives the number and percentage of rats 
which successfully completed each step. Only the 
data under Norm 1 are pertinent to the present discus- 
sion. The arrays representing the two lower norms 
were calculated in order to bring out certain compara- 
tive information about rats and guinea pigs and will 
be discussed in Chapter VI. It will be seen that over 
two-thirds of the group under the highest norm suc- 
ceeded in Step I, Of this 69 per cent, one- third learned 
Step II. None of these animals was successful in at- 
taining the third step despite the fact that the increase 
in complexity involved no change in the mode of re- 
sponse required for solution but merely an extension 
of a previously acquired habit. The limit of learning 
for the group of rats tested was, therefore, established 
at two steps, A cursory scanning of the lower arrays 
shows that, had the norm of mastery been lowered to 
4 out of 5 perfect trials, the percentage of rats learning 
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each Step would have been materially increased, 
Norm 3 represents a very low criterion and is in- 
cluded here mainly to show that the problem was suffi- 
ciently simple so that all of the rats could make at least 
one perfect response. 

The measures of central tendency and variability for 
the data collected on learning and activity are given 
in Tables S, 6, 8, and 9, The number of trials required 
to learn the various steps of the basic problem is given 
in Table 5. It can be seen that both the median and 

TABLE 5 

SrtowtMO THB Numher of Trials to Learn the First Two 
Steps or the Basic Problem in Experiment I 


Tlic dala for Step III arc umitted since llic 9 rats wliicJi learned 
Step II failed on the next hiirlicr step, 


Step 

N 

Range 

'iVinla 

Meclinii 

tu liiiun 
Avernge 

A.n. 

s.n. 

I 

2+ 

30-453 

196.00 

221.04 

99.97 

12(5.26 

U 

■B 

160-450 

363,00 

315.25 

93,19 

116.77 


average number of trials to learn Step II show increases 
over the corresponding measures for Step I. The ratio 
of the differences to the reliability of these differences 
in average scores is 1,94. This means that there are 
97 chances in 100 that the true difference between the 
averages in Steps I and II is greater than zero. It 
follows, therefore, that more practice was required to 
master a problem necessitating the depression of two 
plates in a given order after the first had already been 
learned than for the depression of a single plate. The 
large differences between the averages and medians in 
each step and also the wide scatter shown in the average 
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and standard deviations may be accounted for by a few 
extreme cases which influence the distribution consid- 
erably. If, in Step I, the 5 animals whose scores are 
below 100 or above 400 trials are excluded, the range is 
reduced by approximately one-third and much of the 
variability is eliminated. In Step II, the exclusion 
of the 3 rats whose scores are below 300 reduces the 
range by over 50 per cent. In general, despite the 
smaller number of animals tested in the second step, 
the measures of dispersion show that this group is 
slightly more homogeneous than that used on the first 
step. Tables 6 and 7 give the data on errors and fail- 
ures. In the former table are shown the measures of 
central tendency and variability for total errors, total 
errors per trial, and the first two types of failure de- 

TABLE 6 

Showing the Total Errors, Failures, and Total Errors per 
Trial on the First Two Steps of the Basic 
Problem in Experiment I 

The data for Step III are omitted since the 3 rats which learned 
Step II failed on the next higher step. Failure I — complete inac- 
tivity over a period of three minute-s; Failure II — activity over a 
thrcc-minutc period without depressing the correct plate or plates. 







Aver- 



Step 

N 

Errors 

Range 

Median 

age 

A.D. 

S.D. 



Total errors 

71-1242 

375.00 

470.71 

173.86 

217.BS 



Failures I 

0-73 

2,00 

10.58 

12.91 

16.1B 

I 

24 

Failures II 

Total errors per 

0-15 

,50 

2,46 

2.91 

3.65 



trial 

.75-5,11 

1.73 

2.31 

1.14 

1.43 



Total tvrovsi 


Il77,i0 UZ5,75 

575.94 

7Zt,65 



Failures I 

0-^ 

Q.OO 

0.50 

.85 

1.13 

n 

8 

FaiUirea II 

Total errors per 

o.oO 

0.00 

0.00 

0.00 

0.00 



trial 

3,37-7.95 

4,65 

5.19 

1.43 

1.79 
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TAHLE 1 

Showing the Frequencv op Various Types of Errors on the 
First Two Steps of Experimekt 1 


In Step I tile amission oi plnte 2 ond tlic depression ui plate j were 
not tallied os errors. 


Types of 
error 


AvcniKC 

Siep J 2}tf?p] I 

Fretpicncy 
per Lrinl 
Slep I SicpJI 

OmlaaioriB of 

Plflle 1 

Plaic 2 

27H.B3 

414.00 

243.25 

1.26 

1.3H 

0.77 

Depreasiona of 

Flute 1 

FIntc 2 

Plate 3 

12.79 

19.50 

07,63 

9+,SO 

49.SO 

O.Oti 

0.09 

0.20 

0.30 

0.16 

Delay at Joar of 

Food box 
Entrance box 

149.79 

9.79 

570.63 

1. 13 

0.li4 

0.04 

l.Bl 

0.004 


scribed above in the discussion of individual scores. 
Table 7 gives a detailed analysis of the various com- 
ponents of the total error array in the preceding table. 
It will be noticed that the same tendency demonstrated 
in the discussion of trial scores is apparent also in Table 
6, Just as more trials were required to learn Step II 
than Step I, so here we find more errors in the mastery 
of the second step. The increase in difliculty of Step 
II over Step I holds for both total errors and for aver- 
age errors per trial. That these differences are reliable 
is shown by the ratio of the differences to the standard 
deviation of the difference which is 4.46 for the former 
and 4.11 for the latter set of scores, This means that 
there are 100 chances in 100 that the true difference is 
greater than zero. The same degree of certainty of a 
true difference between records on Steps I and II exists 
also for the two classes of failures. It will be noticed, 
however, that, whereas the other measures show in- 
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crefises in Step II over Step I, both varieties of failure 
decrease in frequency in the second step. It seems that 
as the animals become more accustomed to the problem 
they show less tendency to indulge in non-exploratory 
activity. Any failure due to inactivity disappears al- 
most completely by the time the second step is reached 
(Failure I). Moreover, no animals failed in this step 
by omitting to depress a plate or plates during the trial 
(Failure II), Since the 3 animals which made the 
most failures of type I in the first step had no such 
records checked against them in Step II, this decrease 
in non-exploratory behavior cannot be said to arise 
from the elimination in Step II of animals which scored 
failures in Step I, 

An analysis of total error scores into 3 large classes 
in each step is given in Table 7. The specific errors 
which could be tabulated in Step II are necessarily 
larger in number than those in Step I since the addition 
of a plate increased the possibility of incorrect re- 
sponses. The additional types of error in the second 
step are the omission of plate 2 and the depression of 
the same plate. An examination of the table will show 
that the order of diminishing frequency of occurrence 
of the various errors in Step I is as follows ! («) omis- 
sion of plate 1, (b) delay at the door to the food box, 
(c) depression of plate 3, (d) depression of plate 2, 
and, last, (e) delay at the door to the entrance com- 
partment. In Step II the same general trend is no- 
ticeable with two exceptions. The most frequent error 
was that of delay at the door of the food box, the 
omission of plate 1 assuming second place. There fol- 
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low in order then: omission of plate 2, depression of 
plate 2, of plate 1, and of plate 3, and, finaliy, delay at 
the door to the entrance box. The importance of the 
food-box door as a distracting stimulus is easily under- 
stood, since running to the opening constituted the ter- 
minal activity of each successful trial. Hence, in 
many cases, obtaining the reward was associated with 
running to the inner door rather than with the touch- 
ing of a plate. This explains the increasing frequency 
of this error in Step II since these animals had many 
more trials in which they received food after entering 
through the open doorway. All of the types of error 
discussed in the table are associated with the behavior 
required in the solution of the problem. There is an 
almost complete lack of such activity as was not re- 
lated to solution. Only two rats were observed at- 
tempting to climb the walls of the reaction cage and 
this occurred in a few trials oiilyv Among other errors 
which happened so rarely as not to warrant their in- 
clusion in the table were such types of activity as chew- 
ing at the sides of the reaction compartment, sniffing at 
the edges of the plates, and refusal to enter the food 
Cage even after the door had been opened. The latter 
error was the most frequent of this class and occurred 
but 12 times for all animals. All of these varieties of 
incorrect responses took place in the first third of the 
training period and disappeared as the rats became 
more accustomed to the apparatus and problem, 

The data on time and activity in the first two steps 
of the problem are given in Tables 8 and 9. Ujrder 
activity records are included quadrants, plates, quad- 
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TAllLE 9 

Showing the Numbuk or CoMri-BTE Circuits (Clockwise and 
Counterclockwise) around tub Food Hox in the 
First Two Stei's op Experiment 1 

Tile (l[ita for Step III arc omitted since the fl rats w'liicli lonrned 
Step II failed on the next hi(;lier stc|i. 


Dircciion of 


N 

adivily 

Range 

Median 

Average 

A.D. 

S.D. 

2+ 

Clockwise 


61.00 

75.12 

41.3+ 

51.80 

Counlcrclockwlac 

1-210 

B.QO 

12.58 

18.97 

48.53 


Clockwise 

89-SSl 


259.S3 

139.51 

174.83 

R 

CountcrclockwiBc 

S-4B< 

39.00 

179.50 

184.31 

230.94 


rants per minute, plates per minute, clockwise and 
counterclockwise circuits around the food box. Inas- 
much as the two latter varieties of scores represent di- 
rection rather than amount of activity, they arc pre- 
sented by themselves in Tabic 9. Considering first the 
time taken In solution of Steps I and II, it will be seen 
that this measure produces a relationship inverse to 
that which holds when trials and errors are taken as 
indices of learning. Step II required more trials and 
involved more errors than did Step I but was mastered 
in less time than the easier step, That this discrepancy 
is not due to chance is shown by the reliability ratio 
of the difference between the time averages on the two 
steps. This is 2.15, which indicates 98 chances in 100 
of a true difference greater than zero. It is evident, 
therefore, that time to learn and trials to learn measure 
different aspects of the problem- box situation. The 
former record is more accurately to be described as an 
index of speed of activity whereas trials and errors con- 
stitute a better index of learning as such, That this is 
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indeed the case may readily be seen by referring to the 
other arrays in Table 8. 

When the data on quadrants and plates are exam- 
ined, it is obvious that the rats were much more active 
on the second step than on the first. Not only did they 
traverse 2.60 times as many quadrants but they also 
depressed 3.56 times as many plates on the average in 
the second step. These increases in activity are clearly 
brought out in the arrays for quadrants per minute and 
plates per minute. For the 16.33 quadrants traversed per 
minute in the first step, there are 38.96 in the second, 
and likewise the number of plates depressed per minute 
increases from 2.65 in the first to 8.43 in the second step. 
All of the above increases are highly reliable, the 
chances of a true difference greater than zero being 
100 in 100 in each instance. In other words, as the 
rats became more familiar with the problem, they ran 
much faster and in so doing made more errors, thereby 
increasing the number of trials necessary to reach the 
norm of mastery. The variability for all measures of 
activity other than time also shows large increases in 
the second step. Another cause for the large activity 
records on the higher step is the dropping-out of fail- 
ures due to inactivity. Since each trial on which an 
animal failed because of the first type of failure lasted 
the maximum of 3 minutes, this would tend to increase 
the time and decrease the number of quadrants and 
plates in the first step. 

In view of the extensive discussion of direction of 
movement in white rats, it is interesting to note the re- 
sults given in Table 9, The data in this table give the 
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number of times that the animals ran completely 
around the food box without stopping at the correct 
plate although in such circuits they may have depressed 
one or more plates. It can be seen tliat the number of 
clockwise or left-going circuits in both steps is reliably 
greater than that for the opposite direction. These 
results are to be compared with those of Gengerelli (3) 
and Yoshioka (19) on direction of movement in al- 
bino rats. The former investigator found that 79 and 
61 per cent of the groups tested manifested right-going 
tendencies. The latter experimenter found evidence 
of correlation of direction of movement with the direc- 
tion of curvature of the nasal bones. While the data 
found in the present experiment seem to be contra- 
dictory to those found by others, it must be borne in 
mind that the facts presented in Table 9 hold only for 
activity during complete encircling of the food box. 
Over 62 per cent of this activity took place in the first 
two-fifths of the learning period. During the re- 
mainder of the course of learning, the tendency changed 
toward movement to the right. The cause for this is 
undoubtedly the fact that the correct reaction in both 
steps involved the initial depressing of the right-hand 
plate. With increasing frequency of correct responses, 
there was manifested a change in direction favorable 
to the inception of correct habits. 

The percentages of total errors and total time in the 
successive tenths of the training period are given in 
Table 10 for the rats which learned the two steps, The 
derivation of this table follows the method for con- 
structing a learning curve as suggested by Vincent ( 15) 
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TABLE 10 

Showing the Percentage of Total Time and Error in the 
Successive Tenths of the Total Trials to Learn the 
First Two Steps in Experiment I 


T&ntha of 
lotal trials 

Percentage of 
total time 

Percentage of 
total error 

Percentage of 
total time 

Percentage □£ 
total error 

1 


35 

15 

22 

2 

19 

21 

12 

IB 

3 

15 

16 

10 

12 

+ 

12 

9 

14 

11 

5 

9 

5 

10 

9 

6 

7 

4 

10 

7 

7 

3 

3 

9 

a 

B 

3 

2 

7 

6 

9 

2 

3 


4 

10 

2 

2 

6 

3 


and modified by Loucks (8) . The first column repre- 
sents successive tenths of the total trials to learn the step 
and the other columns present the percentage of total 
time and total errors in each tenth of the learning 
period. It will be noticed that, in the first step, both 
errors and time show a typical decrease as the amount 
of practice increases. The data, if put into graphic 
form, would resemble the ordinary learning curves. 
In Step II, however, the time scores are much more 
nearly constant than they were in the first step and are 
radically different in trend from the error scores in 
the second step. That is, although learning is going on 
as manifested by the decrease in error scores, time does 
not show much lessening in amount. The total de- 
crease in time is 9 per cent, that for errors is much 
greater, being 19 per cent. This bears out in part the 
contention made in the discussion of time as an index 
of activity. It seems that as soon as practice has fa- 
miliarized an animal with the problem his speed of 
movement becomes more constant. 
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Summary 

1. The limit of learning for white rats was found 
to be the second step of the basic problem under the 
norm of mastery of 9 perfect out of 10 consecutive 
trills. Sixty-nine per cent of the rats learned the first 
step and 33 per cent of these mastered the second un- 
der the norm described above. It seems likely, how- 
ever, that the limit of learning would have been higher 
than this under lower norms. 

2. The group averages show extreme variability. 
This was reduced markedly in the case of trill, time, 
and error scores by the omission of a few extreme cases, 

3. Trial and error scores were found to be better 
indices of learning than time whereas the latter fur- 
nished an adequate measure of activity. 

4. Rats were found to display marked activity dur- 
ing the problem. The activity increased considerably 
in the second step over the first as measured by the 
number of quadrants traversed and the nuiiiber of 
plates depressed, 

5. Under certain conditions white rats seem to show 
a preference for going to the left rather than to the 
right. This was noted especially in the circuit move- 
ments around the food box during which the correct se- 
quence of plates was not depressed. 



V 

RESULTS OF EXPERIMENT II 

This experiment consisted in the training of 30 male 
guinea pigs on the various steps of the basic problem 
described in the preceding chapter. The procedure 
throughout the experimental period was identical for 
both rats and the subjects of the present discussion 
except for the instances noted in the sections on methods 
and procedure (Chapters II and III). All scores 
found in Tables 11, 12, 13, 14, and IS are derived in the 
same fashion as for the rats and are strictly comparable 
to those for the latter group. The meanings of the 
various terms in the tables are likewise the same for 
both groups of animals. The material reported in the 
present chapter is restricted to the data obtained from 
the guinea pigs as subjects. The comparison of the 
two classes of rodents with each other and with certain 
higher mammalian forms will be found in Chapter VI. 

Table 11 gives in detail the trial, error, and time 
scores of all of the guinea pigs tested on the first two 
steps of the problem. The norm of mastery, namely 
9 perfect trials out of lO, is the same as was used with 
the rats. It may be seen, upon inspection, that no 
guinea pigs learned the second step although 16 of the 
group successfully attained the norm on the first step. 
The limit of learning for guinea pigs is, therefore, one 
step in the apparatus used. Another fact which stands 
out is the large variability displayed in all of the in- 
dices shown in the table. The range in scores in Step 
I, foe the mimaU which learned, was from. S3 to 407 
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trials, 43 to 840 errors, and 31 to 191 minutes. Cor- 
responding measures for the higher steps do not indi- 
cate learning inasmuch as no animals satisfied the norm 
of mastery on Step II and will hence not be discussed 
here. 

The same three types of failure were checked against 
the guinea pigs as had been found to occur with rats as 
subjects. The most frequent type for which any ani- 
mal was discarded was Type III which involved the 
inability to reach the norm in 700 trials. The next 
type of failure was that of inactivity for the duration 
of each of at least 100 trials {Type I). No animals 
were discarded in either step because of failure to de- 
press the correct plate or sequence of plates during 
continued activity on each of at least 100 trials (Fail- 
ure II). The number discarded for Failure I was 
smaller in the first step (21 per cent) than in the second 
(41 per cent). This indicates that, despite increasing 
familiarity with the problem and apparatus, explora- 
tory behavior diminished as the limit of learning was 
approached. The guinea pigs seemed to lose orienta- 
tion toward the plates and the rear of the box in in- 
creasing amount as they made continued incorrect 
responses. 

The number and percentage of the group of animals 
tested which successfully completed each step are given 
in Table 12. Only the data under Norm 1 will be 
referred to here since no animals which attained lower 
norms were actually advanced to the next higher step. 
It can be seen that 53 per cent of the 30 animals origi- 
nally used reached the norm on Step I and were passed 
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TAHLE 12 

Showing thii Total Number of GuiniiA Pigs Usud and the 
Numuer and PcRCi-NTAca! CoMi'i.iiiTNi; Each Stei* 
UNDIJH TKE ThREK NoRMS OF MaSTERY 
Norm / is 9 perfect trials in a sciiucnce of 10. Norm 2 is 4 perfect 
trials in a sequence of 5. Norm 3 is 1 perfect trial in a sctiuciicc of 2. 




^icp L 

Slcp 11 


Total number used 

30 

IC 

Norm 1 

Number which learned 

16 

0 

PerccntBSC wlucli lenrned 

53 

Q 

Norm 9, 

Number wiiicli learned 

27 

9 

Percentage which Icnrncd 

90 

56 

Norm 3 

Number which learned 

30 

15 

Percentage whjcli lenrned 

100 

94 


on to the second step. From an examination of the 
other arrays in the table it appears likely that, had the 
criterion of mastery been lowered, the animals might 
have reached a higher limit of learning. 

The measures of central tendency and variability for 
trials to learn, ertova, faUures, time, and other records 
of activity are given in Tables 13 and 15. The upper 

TABLE 13 

Showing the Numdcr of Trials to Learn, Total Errors, 
Errors per Trial, and Failures on the First 
Step of E.xpkriment II 

The data for Step II arc omittcil since the 16 guinea pigs which 
learned Step I all failed on the next higher step, failures I — com- 
plete inactivity over a period of 3 minutes j Failures II — activity 
over a 3-mifmtc period without depressing the correct plate. 


Scores 

Range 

Median 

Average 

A.O. 

S.D. 

TclaU 

53-407 

ISI.50 

U5.50 

U0,69 

176.2% 

Total errors 

43-B40 

153,50 

265.81 

1B3.»7 

230.39 

Failures I 

0-25 

4.<10 

B.44 

7.3 5 

9.21 

Failures 11 

0-10 

2.00 

2.B1 

2.12 

2.66 

Total errors per 
trial 

0.36-5.3B 

.91 

1,5+ 

1.5+ 

1.B5 
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array in the first of these two tables gives the number 
of trials taken to attain the highest norm of mastery in 
Step I. The variability here is almost as large as the 
central tendency indicated by the average score. If 
the 3 animals whose scores are above 300 trials are 
eliminated, the range is reduced by 46 per cent and the 
variability is thus greatly diminished. In like manner 
the variability for errors, failures, and the other scores 
also depends upon a few extreme cases. The range of 
errors is reduced by approximately SO per cent through 
the exclusion of the 3 guinea pigs whose scores are 
above 450. Failures I and II, Lu this table, refer to 
isolated occurrences of the same types of behavior, for 
the repeated appearances of which animals were dis- 
carded. That is, the group which learned Step I made 
an average of 8.44 trials in which they displayed no 
exploratory behavior for the 3-minute duration of each 
trial. This is reliably greater than the number of trials 
in which the animals were active but failed to depress 
the correct plate within the limit of each trial (Failure 

The analysis of the total error array of Table 13 is 
given in Table 14, The order of diminishing fre- 


TACLE 14 

Showing the Frequency op Various Types of Errors on the 
First Step of Experiment II 


Types of 


Frequency 

cirara 

Average 

per trial 

Oiniasioii of plntc 1 

16B.3H 

0,91 

Depression of ^ 

19.06 

21.75 

0.10 

0.12 

1 c food box 

Delny at c oor of . . 

■' entrance box 

23.25 

2.06 

0.13 

0.01 
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qucncy of the various types of error is as follows: (a) 
omission of plate i, (i) delay at the door to the food 
box, (c) depression of plate 3, {d) depression of plate 
2, and (e) delay at the door to the entrance box. Among 
the varieties of incorrect responses which appeared so 
rarely as to make diflkult their inclusion in the table, 
the most frequent was chewing or gnawing at the wire 
mesh at the rear of the food box, that is in quadrant 
B, Other such infrequent errors were standing on the 
hind feet with the forefeet resting on the wall of the 
inner cage, refusal to enter the open door to the food 
box after depression of the correct plate, "freezing" 
(which refers to the cessation of behavior by an animal 
for a short space of time), and chewing at the wall of 
the outer cage. These arc listed in the order of de- 
creasing frequency, the range of occurrence being from 
10 to 1. The interpretation of these errors is essen- 
tially the same as that given above for rats. 

The various measures of activity arc given in Table 
15. Those which deal with amount rather than direc- 

TAHLE 15 

Showing the Time, Amount, and DiriiC'iton of Activity on 
THE Eirst Step of Experiment II 
Tlic data for Step II arc omitted since il»c 16 I'uincn pigs wliich 
learned Step I nil failed on the next hiirlicr step, Glackivise and 
counterclockwise refer to the nuiTibcr of complete circuits around 
the food box’ in each of the directions indicated- 


Time and acliviiy 

Rnngc 

Median 

Average 

: A.l). 

S.D. 

Time in inlnuten 

40-191 

74,-10 


39.19 

49. lU 

QuEnimnifi 

241-1982 

iHO.flO 


542,21 

679.39 

Plnteu 

41-437 

148.00 

ZHM 

103.97 

130.27 

per mlit. 

J.44-i4.20 

H.99 

i5.99 

».42 

10.S5 

P\qIc 6 per imn, 

.80-9.72 

2,49 

l.ii 

1.24 

1.55 

Clockwlae circuit 
CounterclDckwijie circiiU 

4-liB 

t-sa 

21.00 

7.S0 

29.19 

14.25 

20,74 

11.59 

24.01 

14.52 
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tion of movement are found in the arrays above the 
central vertical line. From a general examination of 
the data presented in the upper arrays, it can be seen 
that the guinea pigs as a group manifested considerable 
activity. A good indication of this may be had by 
comparing the average trials to learn with the average 
time scores. This shows that the average time per 
trial was 0.45 minute. When time scores are thus 
compared with trials and errors, it becomes apparent 
that, just as was the case with rats, time represents a 
better index of speed of activity than it does of learn- 
ing. This is also brought out in the number of quad- 
rants traversed per minute. An average of almost 16 
quadrants was traversed per minute and yet, during all 
of the activity, only 3,11 plates were depressed. The 
ratio which would occur were an animal to enter all 
quadrants and step on all plates would be 4 quadrants 
to 3 plates, As learning proceeded to the point of 
solution, this ratio would be reduced to 2 quadrants to 
one plate. That is, the guinea pig would have to move 
through the front quadrant and into the one containing 
plate 1 before depressing that plate. The guinea pigs 
actually traversed an average of 15,99 quadrants to 3,11 
plates, a ratio of 5.14 to 1. This indicates an excess of 
activity not directed toward the depressing of plates 
and thus not conducive to the establishment of behavior 
favorable to solution. 

The lower arrays show the amount and direction of 
activity during the continuous encircling of the food 
box within a single trial. In such cases, the guinea 
pigs ran around the inner cage, without depressing or 
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even stopping at the correct plate or plates. It can be 
seen that there is a slight teiuleiicy for left-going move- 
ments to predominate in these situations. That this 
indicates a preference for left-going is a conclusion 
which cannot be drawn from the data at hand. The 
type of beliavior noted in Table i.S does not repre- 
sent all of the starts in cither direction that were made 
by the group. It is, however, suggestive of the neces- 
sity of investigating directional choice when the re- 
ward is placed between tlic two pathways and not at 
the end of an apparatus. 

TAHLK 16 


SiiowiKo TiMi Peucuntack 01' Totai, Time ano Kruou in 'rim 
Socciissivu TiiNtiis OK TUii Total Tuials to Lkahn 
T in; First Stri' of I'-xi'eriment 11 


TuihIid of 

Uiiiil irinln 

Perccninjrti uf 
toliil ilinc 

Pcrci’iun^c of 
(irrorn 

1 


22 

2 

IH 

U 


14 

12 

4 

H 

10 

5 

U 

•1 

G 

7 

10 

7 

5 

a 

S 

5 

5 

9 

4 

4 

10 

5 

4 


Table 16 gives the data for the percentage of total 
errors and total time in the successive tenths of the 
training period for the 16 guinea pigs which learned 
Step I, The table, which was constructed along the 
lines of Loucks’ modification of the Vincent learning- 
curve method, is similar to that discussed in connection 
with the corresponding rat data. 'Fhc scores in the 
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table represent the percentage of the total time and er- 
rors which is to be found at a given point in the acquisi- 
tion of the habit. It will be noticed that, whereas time 
becomes practically constant after the first three 
tenths, the error scores continue to decrease and do not 
become constant until 90 per cent of the total trials have 
been given the group. The fact that the successive error 
and time scores show these discrepancies may be taken 
to indicate that both records are not measures of the 
same phase of the learning process. Error scores may 
be considered as measures of the pattern formation here 
studied while time is a measure of activity. 

Summary 

1. The limit of learning for guinea pigs was found 
to be the first step of the basic problem under the norm 
of mastery of 9 perfect out of 10 consecutive trials. 
Only 16 of the 30 guinea pigs tested met this condition. 
It seems likely, however, that the limit of learning 
would have been higher than this under lower norms. 

2. The group averages show extreme variability. 
This was reduced markedly in the case of trial, time, 
and error scores by the omission of a few extreme cases. 

3. Trial and error scores were found to be better 
indices of learning than time whereas the latter fur- 
nished an adequate measure of activity. 

4. The previous findings of Nicholls and others on 
the great amount of activity manifested by guinea pigs 
were borne out by the number of quadrants traversed 
and the speed of movement shown in the apparatus. 



354 


1IGRMAR.D I'. RIESS 


5. Under certain conditions, guinea pigs seem to 
show a preference for going to the left rather than to 
the right, This was noted especially in the circuit 
movements around the food box during which the cor- 
rect sequence of plates was not depressed. 



VI 

COMPARISON OF TYPES 

Rodents 

From the facts presented in the two preceding chap- 
ters, it can be seen that white rats arc able to reach a 
higher limit of pattern-habit formation than guinea 
pigs. The limit found for the former group was the 
second step, that for the latter the first step of the basic 
problem. The number of subjects tested and the rec- 
ords of each group on the various steps are given in 
Table 17. The data for the three norms in Step I 

TABLE 17 

Showing thu Total Numher of Animals Used and the 
Numdeh and Percentage Comi’leting Each Step under 
THE Three Norms of Mastbrv in Experi- 
ments I and II 


Norm I Is 9 perfect trials in a sequence of 10. Norm 2 is 4 per- 
fect trials in a sequence of 5. Nonn J is 1 perfect trial in 
a sequence of 2. 





Step I 

Step 11 

Step III 





Giiincn 


Guinea 


Guinea 




Rats 

pigii 

Kata 

pigs 

Rata 

pigs 

Total numlier used 

35 

30 

2+ 

16 

B 

0 

Norm 

1 

Number which lenrncd 

2+ 

U 

ft 

0 

0 


Percentage which learned 

69 

53 

33 

0 

0 


Norm 


Number which learned 

3+ 

27 

14 

9 

3 


2 

Percentage which learned 

97 

90 

5H 

56 

3B 


No ml 


Number which learned 

35 

30 

24 

15 

B 


3 

Percentage which learned 

m 

IDO 

lOD 

94 

100 



represent actual learning scores under these criteria. 
That is, the various arrays give the data incidental to 
learning under norms of 9 perfect trials in 10, 4 perfect 
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trials in 5, and 1 perfect trial in 2 consecutive trials, 
The lowest criterion is included here for the sake of 
completeness but, since it is so greatly affected by 
chance success, it will be omitted from tlic present 
discussion, 

A comparison of the results shows tliat the higher 
norm was more selective in the case of the guinea pigs 
than in the case of the rats, This is true whether we 
consider absolute or relative percentages. A larger 
percentage of rats than guinea pigs learned both steps 
under both norms. However, more of the guinea pigs 
were eliminated in both steps by the use of the higher 
norm than were rats. The percentage of the former 
group thua eliminated was somewhat greater than for 
the rats in Step I, and more than twice as great in Step 
II. It should be noted, however, that the values for 
the lower norms in Step II were computed only after 
the animals had actually attained Norm I on Step I, 
It seems likely, tlicrefore, that some of tlie guinea pigs 
might have mastered the second step had the lower 
norm been used. Moreover, under the same condi- 
tions, it is probable that some of the rats would have 
advanced to the third step. This shows that the limits 
found for the two types of rodents were not a function 
of the specific norm of mastery actually used, i,e,, 9 
perfect out of 10 consecutive trials. 

The data in Table 18 show that in the easier task 
(Step I) the guinea pigs are superior to the rats in 
terms of total trials to learn, under both norms, A 
similar tendency was shown in the total error and time 
scores. This contention is further corroborated by the 
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TABLE 18 

Showing the Influence of Different Norms of Mastery 
ON THE Learning of Rats and Guinea Pigs in 
Terms of Total Trials 

Norm 7 is 9 perfect trials in a sequence of 10. Norm 2 is 4 per- 
fect trials in a sequence of 5. Norm J is 1 perfect trial in a se- 
quence of 2i Norm 1 is omitted in Step II because no guinea pigs 
attained that degree of mastery in 700 trials. 


Norm 

Group 

N 

Range Median 

Average 

A.D. 

S.D. 

1 

Rats 

24 

Stef 

30-453 

I 

196.00 

221.04 

99.97 

125.26 


Guiren 

pigs 16 

53-407 

151.50 

IBS.50 

110.69 

176.28 

2 

Rats 

34 

12-650 

1B8.S0 

223.30 

115.69 

144.S0 


Guinea 

pigs 27 

21-515 

13B.0O 

159.60 

90-32 

113.79 

3 

Rats 

35 

S-204 

73.00 

72,81 

37.32 

46.76 


Guinea pigs 30 

2-20B 

39,00 

57.28 

41,19 

51.62 

2 

RaU 

14 

StiIp 

62-S17 

II 

220.75 

226.39 

104.38 

131.41 


Guinea 

pigs 9 

27-406 

248.00 

257.00 

117,33 

147.01 

2 

Rats 

24 

1-204 

54.50 

58.66 

35.45 

47,38 


Gulncn 

pigs 15 

4-272 

70.00 

B6.D0 

52.78 

64.06 


fact that 69 pet cent of the guinea pigs under Norm \ 
and $3 per cent under Norm 2 required fewer trials 
to learn than the median rat. 

The relative efficiency of learning for the two types 
of rodents follows the reverse trend, however, when the 
more difficult task (Step II) is considered. The facts 
under the higher norms are omitted in Table 19 since 
none of the guinea pigs acquired this degree of pro- 
ficiency. In Step II, 60 per cent of the guinea pigs 
required more trials to learn than the median rat under 
Norm 2. Similar results are obtained from the com- 
parison of total errors and time. As the problem set 
approaches the limit of learning, it becomes relatively 
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more difficult to mtistcr, requires more activity and in- 
volves more errors. 

In addition to the learning scores, differences oc- 
curred also in activity and other types of behavior. 
The latter were chiefly qualitative in nature and there- 
fore difficult to tabulate and treat statistically, These 
may be classilied in two ways: (rt) behavior leading 
to solution and (Zi) behavior detrimental to solution of 
the problem. Under the first heading are included 
such types of activity as snifliiig at the plates, depressing 
the plates with the forefeet, with the hind feet, and the 
establishing of definite quadrant habits. Under the 
second heading are found behavior disturbances, ces- 
sation of activity, mechanization of responses, and the 
fixation of incorrect habits. 'With reference to the 
first of the subtypes of activity leading to solution, It 
was noticed that in 117 per cent of the trials the cats 
sniffed at one or more plates whereas the guinea pigs 
exhibited equivalent behavior in only 2B per cent of 
the trials given them, Whether this indicates that ol- 
faction is better in the former group than in the latter 
cannot be establslied from this experiment. As far ns 
can be found from examination of the literature con- 
cerning smell in the two types of rodents, there is no 
definite evidence of difference in olfactory sensitivity. 
The data on this receptor capacity are scarce and when 
found are not consistent. Liggett (7), in a careful 
study of olfaction in the white rat, finds it to be poor 
Under the conditions of his research, Neurologically, 
the olfactory equipment of the two groups of rodents 
seems to be about equal, In view of the absence of in- 
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formation on the role of smell in the learning of guinea 
pigs and the conflicting evidence in rats, it would seem 
that the data on snifling in rats represent merely a dif- 
ference in the frequency of employment of this sense 
modality in exploratory behavior and do not prove the 
existence of differential sensitivity. 

The rats were also much more likely to depress the 
correct plate or plates with the forefeet or the hind 
feet alone than were the guinea pigs. That is, the 
former group of subjects more frequently stepped on 
a plate with either pair of pedal appendages alone than 
with the entire body. The guinea pigs, on the other 
hand, showed no evidence of this type of short-circuit 
behavior. They ran on to the plates and depressed 
them with the weight of the entire body just as fre- 
quently as they used the front or the hind feet. In 
general, these results for the guinea pig seem to bear 
out the findings of Muenzinger and his collaborators 
(10, 11) on plasticity of behavior during long contin- 
ued practice periods. These investigators found that 
guinea pigs tend to maintain great variability in the 
specific methods by which the problem was solved 
despite the fact that they were given 600 to 1000 trials 
in which to mechanize the mode of attack. 

The most noticeable differences between the two 
groups appeared in the behavior disturbances of the 
second class described above. In general, guinea pigs 
were more likely to manifest irritability and disruption 
of activity than rats. On certain occasions the former 
animals would seem to become immobile. This 
“freezing” of the subjects involved rigidity of the body 
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with the head fixed in the direction of movement and 
breathing markedly retarded in frequency and depth. 
Such cessation of activity U)ok place under many con- 
ditions. It was most apt to occur when such infrequent 
extraneous noises as the dropping of a pencil or the 
shifting of the experimenter in his chair impinged up- 
on the subject. However, auditory stimuli were not 
the only causes of this behavior. When the animals 
were touched by the door to the entrance or food box 
as it closed behind them, at the change from Step I 
to Step n and under other similarly novel or unusual 
circumstances, the same disturbance was noted. Rats 
did not manifest any behavior reinotely resembling 
this "freezing” of the guinea pig althougli the same 
incidental stimuli giving rise to it, in the case of the 
latter group, were also present for the rats. It was 
thought, at first, that a partial explanation of this 
phenomenon was that rats were not as susceptible to 
auditory distraction as were guinea pigs since the 
cochlea of the latter turns 5 times about its .a.vis as com- 
pared to 2.5 times in the case of the rats. No evidence 
is found in. the literature covering audition which can 
be adduced to settle this point. Wcver (18), in a study 
of impulses from the auditory nerve of guinea pigs and 
rats, finds no differences in his subjects either in the 
tones to which responses were obtained or in the reac- 
tion to the human voice. Hcrington and Gundlach 
(5) in a recent study of auditory sensitivity in the 
guinea pig find that their results are approximately 
equivalent to those obtained by Wever, None of the 
studies cited, however, have investigated the range of 
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audible tones or sounds. It is possible that the guinea 
pigs were responding to stimuli beyond the limens for 
rats. In general, the trend of the differences tends to 
show that guinea pigs are more easily distracted than 
rats and that they respond to unaccustomed stimuli by 
“freezing,” a type of behavior disturbance not found 
at all in the animals of Experiment I, 

It may be argued that some of the differences 
brought out in the preceding discussion are due to the 
differential maturation rates of the two groups of ro- 
dents. Figures 6 and 7 show the time at which certain 
characteristic types of activity appear in these closely 
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GUINEA PIG 

STREAM OF BEHAVIORAL REACTION 



FIGURE 7 


Showing tuu Time APruR Uirth When Dipperhn’i' Ki.uments 
OF A Guinea Pig's UiiiiAvion Make T'liriiii Ai’I’Eauance 
Activities which come in grailually arc indicaicd by a sloiuni? line. 
(From F. Tiincy) 


related animals, The figures are drawn from the 
very careful work of Dr. Frederick Tilney, of the 
Neurological Institute, New York City. It will he 
seen that guinea pigs are quite mature at birth or very 
shortly thereafter whereas rats require some time be- 
fore arriving at an equivalent stage of development, 
However, an attempt was made in the present experi- 
ment to select animals which were at approximately 
the same level of maturation. This, ns may be seen 
in Figure 5, was accomplished by considering as vari- 
ables to be equated the relation of age to weight and 
to the point of sexual maturity. It is not contended 
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here that the equation of the two groups is perfect but 
it is merely the best that can be done considering the 
absence of complete growth curves for the animals. 
It seems unlikely, therefore, that differences in be- 
havior could have been due in any way to differences 
in the ages of the types tested despite the fact that the 
guinea pigs did average older than the rats when they 
came to Step II. Even at the age at which the guinea 
pigs were when they reached Step II, they had not as 
yet completed their growth in terms of age-weight re- 
lations and were approximately at the same part of the 
curve as were the rats. This can be seen from inspec- 
tion of Figure 5. 

Higi-ieu Mammalian Forms 

As was mentioned in the introduction to the present 
study, research using the same apparatus has already 
been published by Shuey (13) on kittens and the re- 
sults of the work with rhesus monkeys by Fjeld are 
to appear shortly in this series. Although the detailed 
comparison of various indices of learning for species 
differing widely in sensory equipment may not be 
highly significant, the comparison of limits of learn- 
ing reached is certainly of great interest in compara- 
tive psychology. Of the maminalian forms tested thus 
far in this laboratory, the rodents have attained the 
lowest limits (one step for the guinea pigs and two 
for the rats) . Kittens reached Step VII while mon- 
keys extended the limit to Step XXII. These results, 
taken together, indicate the possibility of establishing 
differential levels of intelligence among mammalian 
forms when tested on identical tasks. 



VIL SUMMARY 


1. The Jiinits of learning were delermincd in the 
Jenkins problem box, which provides tasks of increas- 
ing complexity without involving a different type of 
response, for two groups of animals, one containing 35 
white rats and the other 30 guinea pigs, 

2. The limit for rats was found to be the second 
step of the basic problem and that for guinea pigs to 
be the first step when the norm of mastery was 9 per- 
fect trials in a sequence of 10. The same relative 
difference holds when the data are computed on the 
basis of a lower norm, i.e., 4- perfect trials in a sequence 
of 5. 

3. The scores were extremely variable, the scatter 
being slightly wider in the case of the guinea pigs. A 
high percentage of the variability was due to the in- 
fluence of a very few atypical animals in each group. 

4. Although the guinea pigs were not able to 
master Step 11, they succeeded in learning Step I in 
fewer trials and errors, and in less time than the rats. 

5. The guinea pigs were found to be more sensitive 
to extraneous stimuli, particularly auditory, than were 
the rats. 

6. The limits for rodents are extremely low as com- 
pared with those for kittens (Step VII) and for 
rhesus monkeys (Step XXII) on similar tasks. 
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lES LIMITES DE L'APTITUPE A APimENORE CHEZ LE RAT 
DLANC ET LE COCHON H'INOE 

(R^sumf) 

On a fait Inexperience dans Ic but dc determiner ice IJmilca dc i'Dpprcuiia- 
HQga chez deux gronpCB de rongeurs dans dca iBclics iloiu on n pu augmcnicr 
la camp1oxil6 Batin nll6ratlon du type de r^pdnac r(!r|iijiio pour la r^HoiiiUqn, 
Lea fiujcu ont 6(6 35 rata Idnnca pcnnni de 80 ii lOO gminmea, cl :i0 

cochons d'lndc mdlcs, pcHnnt de jiiO & HOP griunntca. I/Dpiinrcil, la Bolia 
i Trobl^mea de Jcrddiia, ac coinimac iL'uitc liultc d’etur^c ei de deux cages 
circulairca coitccniriciueB, dont la plin pittite cojUiciii Ic Mirnulniit. En* 
fonc6cB nil nivcnii du planclier enfre lea deux cages circulnirca soni troia 
plaquea, d'un diani^irc i)c 15 ccndmitrcB, capaefea de aorte c|ii'j) rcHLc 15 
ccntlin^ircB de clmciuc cdl6 cl qoc Icurs centres nuiU Ics cenlrca de iroja dcB 
iI-uaUc component U pUncher dc In grnndt cngc. Lfi 

prnc(!d6 pour lea deux lypeii dc rongeurs 6i6 Identiipic anuf cn Uni quc 
I'^riuaiion das groupca a ii^ccsaii^ In vnriDlion dca nliincnla servant dc 
Bilmulanis, etc. Lea lAchea donn^icB mix aiijcia se soni cuni|iciH6cB d'aiiprcnilrc 
h d6prlmer one au plua de cca plaques dniia Tordre de aucccysion donn^ 
par I'cxpcrimcntateur, I/ordrc dcs diversea Uches n prcmi^rcnicni, la 
depression dc la plaque il droile (EUpe I), cnaiiiic in U^prcaaion dcs plaques 
i droLtc et par derridre (Elope II), cl enfin, U tUprc&sion dca plnquca A 
droltcj par d^rriirc, et A gauche (Etnpc HI). Auaaiigl qiic I'animal 6iait 
arrive A la normc de mniiriac de 9 6prcuvcs parfnitcs anr tine lujcccssion 
lie 10 ipreiivcs aur line itape, on I’n /qU passer A I'Alapc aup£rlcurc. Si 
un sujet ipa pna t^ubbI A apprcnilrc cinns 700 6|irciivca, on I'a 6IIinin6 et 
Ton a ngtd qii'il eat urrivi A bq limitc. On n dtfini one tprenve parfnitc 
comme Celle au I’animal cat allc dircctcmcnt A la plnqiic ou A Iq Bucecssion 
dc pluquea qu'il fajit et a'cst arrci6 Hur In dcrni6rc dc In aucccssion sans 
montrer micunc indication dc passer aux plaques non comprises dans I'dtajie 
£tant apprise. 

La limile irouvfio pour lea rntg n la dcuxl6nic 6iiipc cL ccllc pour lea 
cochons d'lndc la prciniArc 6tnpc dans I'ntiptircll einployi, qiiniul In nornic 
do moUtiac Q 6i6 9 tprciivcs pnrfnltca aur imc auccesmon de iO. I-n mcme 
diff6rcnce rclnlivc entre Ics grniipcn ac mom re qua nil on cnnipnic lea dorm^cs 
aur la liaac d'une norma iuf6ricuccv c'cai-A-dlre, »y 6prcuvc(i parfniica siir 
5 cons^culivcs, Lea deux groiipcs lie rontfcnrs oni nionir6 uiic vnrinhilU6 
oxtrornc dans lea ^prciiycs dc I'npprcnlissngCj daiin Ics errenra el In diiric 
flinai qiie dans idles maaurcs dc I'ncljvitf qiic Ic nninlirc dc plnques tie- 
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prim^es ct de qiifidrantfl travcrafia. Bicn quc lea cochons d’Inde n'nient pu 
aprenclrc VEupe II, Ms ant reuaai h apprcnclrc I'Etapc I en moins d'eprcuvEa 
ec moina ile temps qnc lea rnla. On n noti^ divcraea difFdrciicea iiiialimtivea, 
siirtout daua la scnsibililA dea deux groupcs aiix Htimuli extdricura, Lea 
limitea pour leg rongeiira ofit M ires infdrieurs compnr^efl i celles pour 
les cliatong (EUpe VII) et pour lea Niiigcs rh^aua (Etnpe XXII) but dcs 
taclica scmhlablea. 

RiEsa 


DIE GRENZEN DER LERNFAlllGRErr EEI V/EISSEN RATTEN UND 
MICiERSCHVVEINSCHEN 

(Rcferat) 

Dq 8 Zicl del- UnterauchuiiR war die IJcsilminiing iler Grenzen der Lcrn- 
fahigkeit bci zwei GnippeO von Nageliercn, an Aufgabcn deren Kom- 
plizlertheit oline Aiiderung der zur Loaung crfordcriicheii Reqktlonsart 
gestcigert werden kormie, AIs VcrBiicliaiiere dienten 35 mannliche Albino- 
ratten, die zwiaclieii BU uiul 100 Ginniin wQgcn, iind 30 iniinnliche Meer- 
schweiiichen deren Gewiclu aieh zwiKchcn 3B0 uiul 400 Gramm cratreckte. 
I)aa Apparnt — der Aiifgalekaaten von jenkina [Jenkins Problem Box] — be- 
atelit aua cinem Eliitrittsknstcn [entrance box] iind zwei konzcntriaclien run- 
den Killlgcn von clciien der kicinere die Ansponuing [incentive] cnliiiU. Mit 
dcin BodcJi in glcichcr Ehenc licgcnd iinden aich zwiaehen den zwei runden 
KHbgeu drei IMalten, IS ZeiUbneler breit, die au nngcurdnet aind daaa zu 
jeder Beite 15 Zciitimcter librig lileMieiij ao i]iiBH die Mittclpunkte dieacr 
iMflttcn die Miltcljiiinktc von drei der vicr, deii Boden dca grosacreii Knfigs 
Liildendcii Qundrnnten nuTiinoclien. Dna VcrIaUren war bei den bdden in 
Anspnicli koinnieiiilen Arten der Nogcticrc fast das glciche. Nur die 
zur Glejcbiing der bcUlca G nip pen noLigea Dnicracbicde In Bezug auf dnH 
ala An^porming dicnendc Eutier, ii.s.w., warden cingcfuiirt, Die den 
Vcrsiichsticren vargelcgtcn Aiifgnhcn bcatnndcn linraiia, dnas die 'Plcrc 
lernen imisstcn, einc odcr nichrcrc dicacr Pintteii niedcrzudriickcnj in Anord- 
nungen [actiuenccit], die voO dem Vcraiichalciicr bcstiinint warden wnren, 
Die Rciheiirolgc der vcracliicdcnen Aufgabcn war folgeiulc: Ziierat inusate 
die rechts llcgciide Pintle niedergedriickt wcJ'dcii (Stufe I), dnnn die 
rcclita liegendc uiid die hiiitcn liegende Pintle (Stufe II) , iind schlicssliclit 
die rechtH IlGgciulc, die liiiuen liegGiidc, iiiul die links llegcndc PInttc (jstufe 
III). Sobnlil ein Tier die Norm der perfekteu Uemel^lcrvmg von 9 auft IQ 
nufeinnnderfolgcLiclcn Proliea auf einer Stufe crrciclit hatte, wurdc ea aiif 
die niiehst hfllicre Stufe promoviert, Hatte ein Tier 700 Prolicn diirclige- 
mnclit fihnc zii lernen, ao wurde es von der Verauchen niisge^clialtct. Die 
letzte bcwiiltigte Stufe gait nis die Greir/e der Fiilugkeit [limit uf ability] 
deg in Ansprucli koinmendcn Ticrcs. AIs eiiie Fehlerlofl iiberstnndcne 
Probe [n perfect trial] gait cine Probe in tier das Tier direkt auf die 
rlcliligB Finite oder auf die ricluigeii PInllcli in der riclitigcil Rcihenfolge 
zuging iiiul nul der Ictzteii Pintle der Scrie innchicll, oliiic die gcringstc 
Ncigung zu envciflcii, zu aiulcreii Flatten binzugcliun, die niclit auf der 
zu liernc.sLcrnden Siiifc Ingcu- 

Die fur Rnltcn ennillclte Oienze [limit] war die zweitc Stufe iind die 
fur Mccrficliwcinchen ermitleltc die ci bIc Stufe in dcni vcrweiuleten Appnrai, 
woliei die licinclsteruiigsnnrm [norm of mnslcry] die ricblige Ausf uhniug 
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von 9 Qud 10 nufcinnnilcr/uli^eiidtn Prabcii belriig. Fb licalchcn reUlivc 
die Bclbcji Um^rBchicdcj wcim ipnii die IJeluhLlG duf IBnsis tincr nicdrigcrcn 
Narm^ auB 5 nufcinondfrfalgcnilcn Probcn— ^licrcchnci, Ilcltic Gruppen 
von NflgeLicrcn crwicaiiii i^ihc nlArkc Variabllilut ib IJc7.ug itiif die Zahl 
dex zur licmeintetmig nfiligen VcrmidiCi 2alil der Fclilcr^ uiid ZelivcTwand. 
Dicac CJnbeatiindigkcit rvariahilUy] zcIgLc eicb iiuch in D\if MaaaalQ- 
ben dcr LcbliiUigkcit /nm lldiniiidl die Zqhl dcr niederge- 

(kiicikcen t’lnKcn uiid die tier dnichkrciii^lGii Qnaclrniutrn. Ohwnlii die Mc^r- 
BchwcindiGii die Stufc 11 zii btme^biern niclit bn ^SUndc wnren^ gclnug ea 
ihnen jcdocli, die Slufe 1 in wcnigcrcn VcrmicbcJi unii mil gcringerem 
Zeilverwandj ah die RnUerb crlcrneHi Ka 7.eigicn aicb iiuclt vcrachicdenc 
quiilitnlivc UTlicrstchiccJej bcnoiulcrA in IlcKUg nuf die rclaiivc Elnplindlich- 
keit der beiden Gnippen liunaerlichen Rciycii gepnijlicr. Die crmiUcItcn 
Grenfell dcr FHhlKkeit dcr Nngciierc erwiesca aicb im Vergleich mil den 
an Kat7.c1icn iind mi Mncncus rhesus Aifen mit iilinlicbcn Aiifgnbcn ermb- 
Lellen nla aehr nlcdri^;, (Kklzcbcn hnben Slufc VII mid Macacus Affen 
Slufc XXII erreiebt*) 
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van 9 aud 10 ourcinandcrfulgcnderi Prufacn bcirup, Eb bcalchcn rclmlv^ 
die Hcibcn Unuraclilcdc, 'vvctin nmn illc Hciundc nuP BusIb cincr nicdrigcren 
Norm — aus 5 au/cinaiidcrfolgctidcn Probcii-— bcrcchncU Bcidc Gru^pcn 
von Nqgeiicr^n cnvicscik cjnc slnikc Variabililnl In ilc 2 Ug niif die 2iihl 
tier 2 ur UemcIstcrunK nSiigen Vcniviclie, Zahl dcr TeJilcr, und Zeitverwand. 
DicBc UnbeRliindigkeit [vnrhbiliiy] 2 cigic sich aiich in llczug ituf MaBaau* 
ben dcr LcbliafligkeiL [nclivily], >vie zuin llcinfiit!! die Znlil dcr Jiicilcrgc- 
druck(en Plniicn und die dcr druchkrcu/icii Qiindranicn. Obwabl die Mepr- 
Hch^T cine lien die Siufc II 2 U bcmciRlern nichl im Stiindc warcjii gcUng ch 
lliiicii jcdodi, die b'uifc 1 in wenigeren Vcr/iuchcji und mil gcringcrem 
2ciivcr>yand, flla die Rnuen, 7U crlcrncn. V.^ scigicn nich oucli vcrflchlcdene 
qunlilritivc Unicrachicde, licMondcrB in llczug auf die rcl olive KmrfiJidlicK- 
kelt dcr beidtn Gruiiiicn Uunaerlichcn Rci/en gegcniibcr. Die errailtelten 
Grenzen dcr Fdhigkcit dcr Nogciicrc crwicncn nidi iin Vcrglcich init den 
an Kntzclicn und an MacnciiH rlicaua Aden mil rilinliclicn Au/gnben ennit- 
iclicn als selir niedrig. (KtUzchen liobcn Stnfe VII und Mncocus AiTcn 
Stufe XXII crrclcKb) 
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I 

INTRODUCTION 

Many fascinating anecdotal accounts of the be- 
havior and accomplishments of primates bespeak the 
interest with which man observed these animals long 
before laboratory methods of study had come into use. 
In addition to their purely literary and entertainment 
value, these stories have to some extent suggested prob- 
lems for laboratory solution. They have raised questions 
as to the intelligence and learning ability of primates 
as well as to their emotional and social life. Problems 
related to learning ability of the smaller monkeys have 
been attacked from a variety of angles since the turn of 
the century. These investigations will be briefly sum- 
marized here. However, studies of imitation and de- 
layed reaction will not be touched upon. 

Problem-Box Experiments 

Thorndike, doubting much of the current interpre- 
tation of animal behavior, carried out a scries of pio- 
neer experiments, using first cats and dogs (29) and 
later monkeys (30) in a variety of problem-box situa- 
tions. His primary interest was to determine how the 
animals learned, i.e,, whether they learned by "trial 
and accidental success," by imitation or by the use of 
ideas. He was to a lesser extent interested in what 
they learned and how rapidly they learned it. For his 
primate subjects, he obtained three young cebus 
monkeys. Of the thirty- five different contrivances 
which he used, twenty-five were of the problem-box 

[ 375 ] 
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type, eight were mechanisms so arranged that by certain 
manipulations food was thrown down a chute into the 
cage, and two were drawing-in devices. In the fol- 
lowing summary of Thorndike's results, the general 
type of apparatus used is indicated in the column 
headed "Problem" by B, C, and D, meaning problem 
box, chute, and drawing-in device respectively. 

Problems (in order Subjecia Siibjecla .Subjects 

of prcsentQtlon) Icatcd failed succeeded 


1 D Siring 

2 B Bolt 

3 B Single bnr 

4 B Double bar 

5 B Hook, left side 

6 B Hook, righi aide 

7 B Two hooka 

H B String and nail 
9 D String boK 

10 D String box 

11 D Wood plug 

12 B Wood plug, book and bar 
n B Nfil) plug 

14 B Plug at sidq 

15 D Bnr inside 
Id B Bar oulaide 

17 B Push bar 

18 B llook at left 

19 B Nail plug, hook and bar 

20 B Catch at back 

21 B Dolt, Mb plug and knob 

22 D Bolt on right 
21 B King at back 

24 C Push bar 

25 B Wire wound three times 

around screw 

26 B Push bar 

27 C Turn bar 270“ 

2fl B Side plug 

25 C Turn bar 2j^ rcvalutions 
3 0 C Nail plug 

31 B Lever 

32 C King 

33 C Hook 

34 C String loop 

35 C Wire loop 


1 1 

I 1 

1 1 

1 1 

1 1 

1 1 

1 1 

I I 

I 1 

1 1 

1 I 

1 1 

1, 2, 3 1, Z, 3 

1. 2, 3 1, 2i 3 

1| 2, 3 1, 3 2 

1, 2, 3 ii Z, 3 

1 1 

2, 3 2, 3 

I, 2, 3 1, 2, 3 

I, 2 1, 2 

li 2, 3 1, 2, 3 

1, 3 1, 3 

1, 3 I, 3 

li 3 1, 3 

1. 3 3 1 

1, 3 1 3 

1, 3 3 I 

1, 3 1. 3 

1, 3 3 1 

1, 3 i, 3 

1. 3 U 3 

1, 3 1 3 

3 3 

1 I 

1, 3 3 
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This summary merely shows whether the subject fail- 
ed or succeeded. Number of trials is not given since 
there was no uniformity of procedure. In a few cases re- 
peated trials were given even though the animal suc- 
ceeded on the first trial, while in many instances only 
one trial was given regardless of success or failure. 
The time of the failure trials ranged from five to sixty 
minutes, the usual time being either five or ten minutes, 
In no cases were more than four failure trials recorded. 
The results indicated distinct superiority of the mon- 
keys over the cats and dogs which had previously been 
tested on many similar devices by the same experi- 
menter. Thorndike concluded however that, although 
there were steep drops in some of the learning curves 
and almost immediate learning in certain cases, learning 
was essentially of the trial-and-error type, there was no 
indication of reasoning and not sufficient evidence to 
prove the existence of ideas. 

Following up Thorndike's work, Kinnamaii (IS) 
made use of a variety of problem-box, chute, and 
string-box situations to test two Macacus rhesus mon- 
keys, one male and one female. However, most of the 
data were obtained with the male since the female 
worked very poorly much of the time. As in nearly 
all of Thorndike’s box experiments with the monkeys, 
the food was inside the box and the animals were on the 
outside. The various devices used by Kinnaman were; 

A, Simple fastenings for box 

1 Tliumb button (30'degrce turn) 

2 Hook (vertical) 

3 T-latch 

4 Holt 
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5 String (wound around screw) 

6 Pluf? 

7 Lift-latch 

8 Piisli-bar 

9 pear-down latch 

10 String; and bolt 

11 String and ring 

12 Horizontal hook 

13 Lock and key 

B. Chute apparatus 

14 Strijig below 

15 String at back 

16 Windlass 

C. 17 Pull-in box Avith string 
Di Second positions of 

18 Hutton 

19 Vertical hook 

20 T-latch 

21 Bolt 

22 String and nail 

23 Plug 

24 Lift-1 n tell 

25 Pusli-bnr 

26 Bear-down latch 
E^ Groups of fastenings 

27 Two buttotts 

28 Two bolts 

29 Button and bolt 

30 Two buttons and one bolt 

31 Two buttons and two bolts 

32 Two plugs 

33 Three plugs, two buttons anti two bolts 
F. Combination locks 

1 Right plugi left plug, bolt, button, and hook in order 

2 Bear-down lever at left, piish-iii bar at right, lift-up 

latch in front, and pull-out string behind in given 
order 

SmsiU aiiioiiiits of either rice, breiicl, banana, or apple 
were used as incentives. The length of the trials ranged 
from 1 to 672 seconds, depending upon the time neces- 
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sary to solve the problem. No failures appear in the 
data tabulated. 

The results include a time record for the male for 
thirty trials on each of the seventeen devices listed 
under A and B, a comparison of records for first and 
second positions of identical devices, time and error 
records for the two subjects on the combination locks, 
and a number of learning curves. The composite time 
curve for the male, combining his performances on the 
seventeen simple problems, shows a steep drop at the 
first, while the minimum time is practically reached by 
the tenth trial. The time taken for the various prob- 
lems ranges from 1 to 672 seconds on first trials and 
from 1 to 10 seconds on tenth trials. On the average 
the time necessary for learning second positions of 
identical locks was about half that for first positions. 
The curve for groups of fastenings, the units of which 
had already been learned, shows the initial drop in the 
learning curve to be less marked than in the curve for 
the single fastenings. However, the minimum time for 
the groups of fastenings was reached on the sixth in- 
stead of the tenth trial. 

In training his subjects on the combination locks, 
Kinnaman used a norm of ten errorless trials in suc- 
cession. The male required 2S3 trials and the female 
80 trials to reach this criterion with the first set of 
combination locks. Each animal was given 2^0 on 
the second combination but neither reached the stand- 
ard of ten errorless trials. Kinnaman also tested twelve 
human adults and five children with the same two sets 
of combination locks. While learning was more rapid 
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Oil the part of the human subjects, he observed the 
method of all subjects to be essentially that of trial and 
error, 

Kolits (18, 19) used a single female rhesus monkey 
in a scries of experiments designed to study what she 
called "labour processes." She employed problem- 
box situations involving the following general types of 
devices : 

1 Hooks 

2 Lntches 

3 Turning locks (eccentric hqnclic) 

4 Sliding bolts 

5 'rurrviug locks (center liaadlc) 

6 Chain and kiiub bolts 

7 Hinged strap with eye and locking bolt 

8 Inside lock opened by key 

9 Padlocks 

10 Tape with unwindings and knots 

1 1 Overhanging nnd sliding doui'vS 

The number of problems was increased to 93 by 
introducing such variations as differences in (1) ease 
of operation, (2) external appearance (color, form, 
size, etc,), (3) position (horizontal, vertical, inclined, 
right or left side, top, bottom, or center), (4) number 
of similar devices presented, (5) combinations of dif- 
ferent types of devices. 

Apparently food was always used as an incentive, 
Degree of hunger varied, however, and especially at- 
tractive bits of food were used when the animal was 
satiated. Additional forms of incentive, such as free- 
dom from confinement and swinging the animal, were 
used in some cases. 

Of the 60 single devices nnd 33 groups of fastenings, 
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the subject failed completely with only two, the tightly 
inserted simple hook and a padlock locked by an un- 
attached key. Aid was given by the experimenter in 
unlocking the first hook, the first bolt (having a novel 
method of unlocking), one other type of bolt, five de- 
vices which required considerable force, a chain and 
knob, a padlock, and seven groups containing new units 
which, being out of sight, were not discovered by the 
monkey. 

Kohts emphasized the great number of random 
movements exhibited by her subject; also the apparent- 
ly blind solutions of the problems as shown by frequent 
pulling at the door before unlocking and by repeated 
locking and unlocking of a single device during a given 
trial, She concluded that the monkey has no under- 
standing of what is necessary to be done and is unable 
to foresee its consequences. 

A number of experimenters have used various forms 
of problem-box tests as somewhat incidental parts of 
more extensive studies. Shepherd (26) trained three 
rhesus monkeys on a simple problem box, as a pre- 
liminary to later discrimination experiments. The 
monkeys took 95, 102, and 64 trials respectively to learn 
to unfasten a single button door. The fastening was on 
the inside of the box, making it necessary for the mon- 
key to put his hand through a hole at the side of the 
door in order to tuin the button. The food was out of 
sight unless the animal went to the extreme side. How- 
ever, the account indicates that the monkeys were per- 
sistent in their errors to obtain the food, 

A young rhesus monkey, tested by Hobhouse (13) 
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on a box experiment, at first failed to release a bolt 
fastened by a hook, but later appeared to learn quite 
suddenly after a first success, 

Buyiendijk (3) trained his cercopithecus monkey to 
open a box by pushing up a lever. When, the habit 
was well established, he introduced a number of diffi- 
cuities. He first fastened to the lever a cord with a 
heavy piece of wood attached. When the block was 
not too heavy, the monkey succeeded without difficulty 
in lifting the block and placing it on the table, thus 
making it possible to open the door. Buytendijk then 
fastened the end of the cord with a hook and eyelet. 
Contrary to Hobhouse's results, after several trials the 
animal still made no attempt to detach the hook. Next 
the lever was fixed to push down instead of up. The 
monkey learned to manipulate this after five trials. An 
obstacle in the form of a block was then placed under 
the lever but the animal never learned to remove the 
block. The block was replaced by a flowerpot which 
the monkey had previously learned to overturn in order 
to secure food. However, she failed to remove the pot 
until food was placed under it. 

Nellmann and Trendelenburg (23) found that 
their smaller monkeys learned only by trial and error 
to open the lid of a box fastened by bolts. They failed 
completely when the bolts were so arranged that the 
animals had to push them away from themselves. The 
Pavian monkey was unable to learn the combination 
bolts, while the Java and rhesus monkeys both suc- 
ceeded after training. 

Drescher and Trendelenburg (4) reported that their 



LIMITS OF LEARNING ADILITY IN MONKEYS 


383 


Java monkey and Pavian monkey failed to unfasten a 
simple lock on a box although given many repetitions. 
The rhesus learned to open it and the gibbon was suc- 
cessful even with two locks. 

Tool Experiments 

The ability of monkeys compared to that of anthro- 
poids in the use of tools or instruments has been a 
subject of considerable interest. The small monkeys 
succeed readily with the drawing-in problems when a 
string or stick is directly attached to the food but 
usually have been found unsuccessful in using a rake 
unless properly placed back of the food (3, 4, 20, 23, 
35), However, Hobhouse (13) reported that his 
rhesus monkey did learn to rake in food with a stick. 
Kliiver's (17) cebus monkey apparently was very pro- 
ficient in using a variety of objects to rake in food. 
Bierens de Haan (2) found that one of his' nine sub- 
jects, a Cebus monkey, was able to use a stick either as a 
rake or as a beating tool. She succeeded even when the 
object used as a rake was not visible at the moment 
when needed. 

The smaller monkeys usually fail in the tube experi- 
ment, when it is necessary to push food out of a tube 
with a stick (3, 13, 23, 35). Drescher and Trendelen- 
burg (4) concluded from their experiments that only 
higher monkeys can use an instrument or tool in mo- 
tion away from tliemselyes, The results of Guillaume 
and Meyerson (9, 9) are in line with this as their small- 
er monkeys were unsuccessful in the detour or round- 
about experiments. They set up a variety of situations 
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in which it was necessary for the subject to use a stick 
or his fijig'er to push food away from Jiiinself or to one 
side in order to obtain it. Furthermore, Kluver (17) 
found the detour-beani problem to be one of the few 
in which his Cebus monkey failed. However, Ver- 
laine and Gallis (HI) were able to teach their Maca- 
cus sinicus to push food out of a small glass tube (6 
cm. long) and this animal later succeeded in using a 
variety of other objects to obtain the food when the 
stick was not available. This same monkey, in a set-up 
similar to that of Guillaume and Meyerson, was able 
to obtain food by pushing it at an angle of 90 degrees 
but failed when it was necessary to push It directly 
away from himself. However, Verlaine and Gallis 
believed this failure was due not to any mental inability 
but rather to the fact that it is particularly difhcult for 
a monkey to make this reaching-out movement. 

Earlier experimenters reported slight success on the 
part of the small nionlccys in box-stacking problems, 
Hobhouse (13) was able to teach his rhesus monkey to 
place a stool or box to climb on. Three rhesus mon- 
keys used by Shepherd (26) paid no attention to a box 
left near suspended food. Yerkes’ (35) Pithicus irus 
monkey learned to place the larger of two boxes on end 
under the fruit and tried to drag up a smaller box 
but failed, Yerkes believed he would have succeeded 
with suflicicnt trials. Nellmann and Trendelenburg 
(23) found that their rhesus gave some indication of 
ability to solve the box problem by pushing the box in 
the direction of the goal, climbing on it, and jumping. 
With further training lie might have succeeded, 
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Much more striking were the results obtained by 
Bierens de Haan (2) with his Cebus monkey. The 
subject was first given one box which she immediately 
tried to push into place, but the box was too heavy. 
When given a lighter box, she succeeded after a few 
trials in placing the box on end and obtaining the fruit. 
She was then given two boxes, one placed under the 
fruit too low for her to reach and a second box left 
near by. After a few unsuccessful attempts to use the 
smaller box as a beating tool, she placed it on top of 
the larger box but it fell off and she was unsuccessful 
until the fourth trial. The following day she was 
given a larger box which she turned on end and suc- 
ceeded in obtaining the fruit. In the next experiment 
two boxes were used, neither one being placed under 
the fruit. Bierens de Haan believed the monkey 
understood at once what to do although she was some- 
times unsuccessful. Then three boxes were used, two 
being placed under the food and the third left to be 
stacked. She succeeded immediately, When one box 
was placed under the food and two left to be stacked 
she was successful in principle but failed to obtain the 
food because of lack of skill. However, when one of 
the boxes was replaced by a tin can she was successful. 
She later succeeded when three boxes were placed in 
three different corners and even when one of the boxes 
was hidden. Bierens de Haan explained the discrep- 
ancy of his results as compared to those of other 
experimenters as due to possible superiority of the sub- 
ject, to the greater simplicity of his experimental set-up, 
and to better control of the living-conditions of his 
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. ■ animal, In previous experiments the subject fre- 
quently had been presented with tasks of too great 
difficulty and with too great variety at once, instead 
of using one type of tool and gradually increasing the 
difficulty, He also believed that his plan of keeping 
the animals separated as to sex was advantageous for 
increasing motivation. 

Verlaine and Gallis (31) reported an experiment 
in which their Macaens sinicus monkey learned to 
place a variety of boxes to climb on, one of which he 
rolled into place and set on end, 

Kliiver (17) carried out over 200 experiments with 
an adult Cebus monkey, which showed great facility 
in the use of tools, her performance comparing quite 
favorably with that of the anthropoid apes. A younger 
Cebus monkey showed a distinct tendency to use ob- 
jects as tools but was much less efficient. This led 
Kliiver to suggest that the ready and efficient use of 
tools may grow out of very 'diffuse" and general re- 
actions such ,a9 he observed in the younger monkey. 
His seven Java monkeys, two spider monkeys, two 
squirrel monkeys, and one lemur failed to use objects 
as tools in the problems which he presented to them. 
His own results together with the reports of other ex- 
perimenters led him to the tentative hypothesis that 
complex forms of tool behavior may be peculiar to 
the Cebus monkey. 

However, Verlaine and Gallis (31) obtained very 
good results with a Macacus sinicus monkey not only 
in the tube experiment but also in a box situation in 
which it Was necessary for the animal to use a tool 
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to release the catch. The monkey, after having learned 
to open the box with a nail by being put through the 
act a number of times, was then able of itself to make 
use of a great variety of objects in place of the nail. 
He even broke off and used branches of a dried plant 
as the necessary tool. He bent the fiber of a street 
broom into a position where he could use it for open- 
ing the box. 

As the reports of Bierens de Haan, Verlaine and 
Gallis, and Kliiver have shown, the gap between the 
lower monkeys and the great apes in their ability to 
use tools is not so great as had been supposed. On 
the contrary, there appears to be considerable over- 
lapping in this function. 

OTHEn Manipulation Experiments 

The smaller monkeys usually succeed in attempting 
to open a hand they have seen close over food (1), in 
overturning flower pots under which food or some 
other incentive has been placed (1, 3, 4, 23, 31), in 
using a string to draw in a box or bucket into which 
food has been dropped (I, 4, 9, 17, ZO, Z3, 26, 35), 
and in pulling in a string to obtain food which has 
been placed out of sight on a high shelf (1, 4, 23). 
They are much less successful in finding food dropped 
into a pocket (1, 23), in opening a. drawer (1, 13), or 
in rotating discs and levers (4, 9, 23) to obtain food. 
They are fairly successful in unwinding a chain 
wrapped around a stake or table leg (3, 13, 22) . Guil- 
laume and Meyerson (9) found their smaller monkeys 
distinctly inferior to the anthropoids in a variety of 
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String experiments requiring indirect pulling, How- 
ever, Nellman and Trendelenburg's (23) monkeys 
succeeded readily in pulling in food at an angle by 
means of a string. Verlaine and Gallis (31) reported 
that both their Macacus siiiicus and Macacus rhesus 
succeeded vvwmcdiately iv\ obtaining food fastened in 
the middle of a string secured at the far end and 
brought into the cage at an angle so that it was neces- 
sary by working through the bars to take the string 
from one end of the cage to the other. These monkeys 
succeeded whether the end of the string was placed 
inside or outside of the cage, 

Non-Manipulation Expeiuments 

Problems not involving manipulation have been used 
by a number of experimenters to study the ability of 
monkeys. Hamilton (11) devised an ingenious method 
of prolonging the variability phase of the learning 
period and thus afforded an excellent opportunity to 
study various types of behavior, Using his quadruple- 
choice apparatus he set up an insoluble problem situa- 
tion in which the one soluble factor was that the 
positive alley in a given trial was never the same as 
in the preceding trial. His subjects included ten 
humans, five monkeys, sixteen dogs, five cats, and one 
horse. Each subject was given one hundred trials. 
Upon analyzing the data for types of behavior, he 
found that only human subjects manifested what he 
called the rational inference tendency. The unmodi- 
fied searching tendency (irregular order) appeared 
most frequently in the defective man and next in the 
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monkeys. The tendency to use stereotyped modes of 
searching was most apparent in the monkey. The 
searching tendency modified by reappearing motor im- 
pulses was greater in adult monkeys than in man but 
less than in dogs. The tendency toward perseveration 
of active motor impulses and of inhibitions appeared 
with increasing frequency as both the ontogenetic and 
the phylogenetic scales were descended. 

Using the same general set-up several years later, 
Hamilton (10) tested twenty girls, one baboon, four 
monkeys (two Pithicus rhesus and two Pithicus irus), 
one mouse, five grey rats, four black rats, and six 
gophers. He found that the manner in which a sub- 
ject varied his response seemed to depend more upon 
the individual than upon the species. However, the 
children showed the greatest tendency to react to the 
rule that the same alley was never the right alley in 
two successive trials, while the infrahuman primates 
came next, 

In an attempt to study ideational behavior, Yerkes 
(35) employed a learning situation using the multiple- 
choice method with two monkeys (Pithicus rhesus and 
Pithicus irus) and one orang-utan. The problems 
set for the animals were (1) the first box at the left, 
(2) the second at the right, (3) alternately first at left 
and first at right, (4) the middle one, and (la) the 
first at the right. Of the three problems presented to 
him, the orang-utan solved only problem 1, and that 
after more than twice as many trials as was necessary 
for the other subjects. He failed completely with 
problems 2 and lo. The irus monkey learned prob- 
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lem 1 fairly satisfactorily in 134 trials and appeared 
to learn No. 2 in 1070 trials. However, he failed i/j 
the tests for the second problem. Of the three sub- 
jects, the rhesus made the best record. He learned 
problems 1, 2, and 3 in 70, 400, and 470 trials respec- 
tively. He failed in problem 4, but Yerkes thought 
this was probably due to disturbing environmental con- 
ditions. Although the orang-utan had a much poorer 
record than the rhesus and no better than the irus, 
Yerkes believed he was more intelligent than the 
smaller monkeys. Partly due to the sudden learning 
in problem 1 and partly due to certain types of be- 
havior, Yerkes concluded that the orang-utan made use 
of ideas. The large number of trials in problem 1 
and subsequent failures in the other problems were 
attributed to the inadequate use of ideas, 

Buy tend ijk (3), using a multiple-choice set-up with 
eight drawers, trained a female Cercopithicus monkey 
on an a/teriiaCion probiein in which the correct re- 
sponse was going alternately to drawers 1 and 8. After 
the correct habit had been fairly well established, it 
began to disintegrate and the animal developed a posi- 
tion habit of always going to the left. Buytendijk 
stated that there was not sufficient punishment used to 
obtain a perfect performance. 

Revesz (24) was unsuccessful in training a monkey 
to react to a specific box in a multiple-choice problem 
Involving six boxes. After 17 trials the subject was 
able to select some box in the region of the correct one, 
After 45 trials it was still a matter of chance if he 
selected the exact box, llevcsz found similar be- 
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havior in very young children. He also compared 
children and monkeys in ability to discover a system, 
Again a row of similar boxes was placed before the 
subject. In each succeeding trial the incentive object 
was to be found in the box next in line, beginning at 
one end and progressing to the other. While all of 
his human subjects over five years of age learned the 
system in from three to twelve trials, all four of the 
monkeys failed after an “enormous number” of trials 
even when the number of boxes was reduced to two. 
In view of Yerkes’ results with his rhesus monkey, 
Revesz is inclined to believe his monkey might have 
succeeded in the simple alternation problem if given 
still more training. 

Kuroda (20), using a multiple-choice apparatus 
similar to Yerkes’, trained a Macacus cynomolgus 
monkey on a number of problems with little success. 

Tellier (28) set up on insoluble problem similar to 
that used by Hamilton in which the correct box in 
a given trial was never the same as the correct box 
ill the succeeding trial. She simplified the conditions 
by using merely a row of small boxes placed in front 
of the animal. In the first problem she used only 
three boxes. After 30 trials her rhesus monkey learned 
to respond correctly, i.e., to avoid the box in which 
food had last been found. The number of boxes was 
then increased to four and the monkey immediately 
made 10 perfect reactions out of 12. When the num- 
ber was increased to ten, the animal made 23 correct 
responses out of 31, then 10 successive correct trials. 

Tellier (28), using two rows of boxes, trained a 



392 


HARRIKTT ANDliBSON FJEI.D 


Macacus sinicus monkey to choose the box located 
second from the left in the front row. The animal 
learned after 159 trials and still succeeded when the 
spacing of the boxes was so varied that the correct 
box was sometimes toward the left and sometimes to- 
ward the right side of the series of boxes. 

The double-alternation problem was studied by Gel- 
lennann (6, 7), He first worked with the temporal 
maze used by Hunter for raccoons. Two young 
rhesus monkeys, a male and a female, learned the prob- 
lem in 80 and 315 trials respectively, Gellcrmann 
decided, however, that the maze was not a satisfactory 
type of apparatus for monkeys, and later used a box 
apparatus setting up a double-alternation problem of 
a series of eight responses, RRLLRRLL, All of the 
four rhesus monkeys used in this experiment learned 
the series, the criterion for learning being a norm of 
three perfect trials in succession. The monkeys were 
also able to extend the series to a longer one. In the 
double-alternation problem, Gellcrmann found that his 
monkeys ranked below man but above raccoons and 
rats. 

Number Experiments 

A few efforts have been made to study the ability of 
monkeys to count or to discriminate between different 
numbers of stimuli. Kinnaman (16) arranged an ex- 
periment designed to give number tests to his two 
rhesus monkeys. He placed twenty-one similar con- 
tainers in a row and trained the subjects first to the 
fourth from the end. He then trained to the second, 
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fifth, first, ninth, eleventh, eighth, third, tenth, and 
seventh in the order given. The full series was car- 
ried out only with the male, the female being trained 
on no number above six. The subjects were given 
270 trials on each problem. He concluded from his 
results that, with this apparatus, numbers from one to 
six and from one to three were recognized by the male 
and the female respectively. 

Three rhesus monkeys were trained by Woodrow 
(34) to discriminate between different numbers of 
stimuli* One subject learned to differentiate between 
one and three, two and three, and three and four 
sounds, and with a low degree of reliability between 
four and five sounds but failed to discriminate between 
five and six. A second subject learned to distinguish 
between one and three, two and three, and three and 
four, but failed with four and five. Furthermore, it 
was necessary for this subject to relearn to discriminate 
between two and three when the interval between the 
first and last sounds was made the same. The third 
subject learned to discriminate between two and three 
sounds but later the habit disintegrated. 

A Macacus cyiiomolgus monkey, trained by K-uroda 
(21) on a multiple-choice apparatus, was able after 
about 700 trials to react to aperture number one upon 
hearing one stroke of a bell and to aperture number 
two upon hearing two strokes. The habit broke down 
completely, however, when a third factor was added 
and the animal was required to react to one, two, or 
three. 

GalUs (5) gave a preliminary report of an attempt 
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to discover whether monkeys can get the concept of 
numbers, Mis method was to train the animal to take 
a given number of bits of food and make no attempt 
to obtain more. For example, in training to the num- 
ber three, if the monkey obtained three meal vvonns 
from one closed hand, he was not to attempt to open 
the hand next presented to him, but if he obtained 
only one or two the first time lie would continue to 
open the hand presented until he had obtained the 
three and no more. Gallis stated that he tried to 
avoid giving his animals cues of any kind. He be- 
lieved his two Macacus sinicus monkeys demonstrated 
their ability to get the concept of the numbers hvo and 
three. 

Summary of Expeuiments 

A perusal of the literature discloses many different 
methods, aims, and points of view. A great variety 
of problem-box situations has been used to test the in- 
telligence of monkeys. Pioneer experiments by Thorn- 
dike (30) and later studies by Kinnainan (15) were 
made at an early period before laboratory technique 
had become highly refined as it is in the United States 
today, Consequently there was relatively little atten- 
tion given to standardization of conditions. The work 
of Kohts (18, 19), though recent, showed little more 
attention to these factors, The number of subjects 
ill each case was small, ranging from one to three, 
Nevertheless, these experimenters have made valuable 
contributions in the great variety of situations pre- 
sented, in careful descriptions of behavior, and in theo- 
retical discussions. 
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In large part the tool and other types of manipula- 
tion problems have been of a more or less exploratory 
nature, the experimenter presenting a variety of situ- 
ations to the subject and recording whether or not the 
animal succeeded in solving the problem, and fre- 
quently giving valuable qualitative descriptions of 
behavior, but with little attempt to control the con- 
ditions. Most of these experimenters have been 
interested chiefly in the ability of the animals to com- 
prehend the situations. Thus the experiments have 
not been primarily training situations. The worlt of 
Bierens cle Haan is somewhat in contrast, being quite 
systematically carried out. He began with a very 
simple task and gradually built up a more complicated 
performance using the same general type of tools. 
Verlaine and Gallis also began by using a very simple 
situation and training the animal step by step until it 
became proficient in the desired task. Here the ex- 
perimenters even went so far as to put the animal 
through the act and to give aid at difficult points by 
holding the arms in position, etc, After the funda- 
mental performance was perfected, a number of test 
situations were presented to discover whether the ani- 
mal would make a generalized use of tools. Bierens 
de Haan, as well as Verlaine and Gallis, points out that 
for the most part the experimenters have not adapted 
their tool set-ups to the monkeys. Kliiver not only 
carried out a large number of experiments on a single 
subject and made careful behavior records, but gave 
more attention to controls. His appears to be the only 
study of the use of tools in the smaller monkeys in 
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which there has been an attempt to exclude the ex- 
perimentcr. 

Coming to the non'inanipulation problems, in the 
work of Hamilton and Yerkes, there were improve- 
ments over the early problem-box experiments in 
Standardization of apparatus, method of handling, 
number and distribution of trials, but still no rigorous 
system of controls for all conditions. The studies of 
Buytendijk, Revesz, and Tellicr were less extensive 
and gave little indication of controls used. In the 
work of Gellcrmann was found a much more highly 
standardized set-up with the experimenter excluded 
and well-controlled laboratory conditions. The pre- 
liminary period, including taming, is especially im- 
portant and tins was particularly well controlled by 
Gellcrmann, However, feeding was not sufliciently 
standardized and he slated that occasionally the mon- 
keys were overfed and refused to work. 

A review of the literature indicates the extreme 
necessity for carefully controlled conditions in experi- 
ments with monkeys because of their great distracti- 
bility and the difliculty of keeping them properly moti- 
vated. Some factors of primary importance to be 
considered are: age, past experience, diet (kind and 
amount of food, and distribution of feeding periods), 
hunger (the relation of the experimental period to the 
feeding periods), method of handling, method of intro- 
duction to the experimental situation (taming and 
preliminary trials), the immediate conditions of the 
experiment (incentives, lighting, exclusion of other 
animals and of the experimenter, elimination of dis- 
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tracting' stimuli not directly connected with the prob- 
lem) , number and distribution of trials, and the length 
of each trial. All of these factors have been considered 
in the present study and with a few exceptions, as will 
be indicated later, were well controlled. 

Present Experiment 

The chief problem of the present study was to de- 
termine the limits of learning in a group of young 
rhesus monkeys. The simple reaction of depressing 
a plate or disc in the floor of a problem box was used. 
Starting with a single plate, the complexity of the re- 
sponse was gradually increased by adding plates one 
at a time until the series was extended beyond the ani- 
mal’s ability to learn. An attempt has been made to 
analyze the behavior of the animals during the learn- 
ing process, to indicate any trends which appear, and 
to discover whether these trends are peculiar to the 
individual or common to the group. 

This experiment differs considerably from preced- 
ing studies with nionkeys. Some experimenters have 
increased the difficulty of their problems by increasing 
the number of devices to be manipulated. However, 
the devices have usually differed in kind as well as 
increased in number, and rarely has there been a set 
order of manipulation. In a few instances series of 
similar devices have been used, but with no thorough- 
going attempt to find the limits of the series. 

The study, however, is similar to the work done by 
Shuey (27) with kittens, and that done by Riess (25) 
with rodents. A similar Jenkins problem box, but 
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having larger dimensions, was used. As has been 
pointed out by Jenkins (14), Shuey, and Riess, this 
apparatus, making use of a simple reaction system 
common to a large number of phyla, makes possible 
comparative studies of a great variety of animals, A 
part of the problem, then, has been to compare the 
performance of the monkeys with that of the kittens 
and of the rodents and to evaluate that comparison. 



II 

METHOD AND PROCEDURE 

The present experiment was in progress from Oc- 
tober 16, 1930, to September 15, 1932, This study 
was a part of a larger project, and Mr. T. A. Jackson 
worked with the author in standardizing some phases 
of the general procedure. Mr. Jackson also took the 
data for a period of about three months during a neces- 
sary leave of absence on the part of the writer. 

The experimental room was in a secluded part of 
the laboratory. Its one large window faced the quiet 
side of t^e campus and was equipped with a dark 
shade which effectively shut out the light. Each of 
its two doorways was closed by a regular door and a 
sound-proof door. One entrance was permanently 
closed up, while the other led into the room where the 
monkeys were kept. This was a light, airy room with 
three large windows. 

The cages in which the monkeys were kept were 
constructed of sheet iron with a door which formed 
the entire front, and a window at the back, both cov- 
ered with heavy wire mesh. Floors of removable 
wire grates over a metal pan filled with wood shavings 
facilitated efforts to keep the living-quarters sanitary. 
The individual cages were inches deep, 27/4 

inches wide, and 30J4 inches high. They were ar- 
ranged in two rows of two tiers each, facing each 
other. The runway thus formed between the cages 
was enclosed with heavy wire mesh fastened to a steel 
frame (see Figure 1). 
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Al’PyVRATUS 

The apparatus used was a large model of the Jen- 
kins problem box (14). An illustration of the prob- 
lem apparatus is shoAvn in Figures 1 and 2. The main 
part of the apparatus consisted of three compartments: 
a circular reaction compartment, 7 feet in diameter 
and 28 inches in height; an incentive compartment, 
28 inches in diameter and 28 inches in height, located 
in the center of the reaction compartment; and an en- 
trance compartment, 27 inches long by 14 inches wide 
by 14 inches high. The entire apparatus was con- 
structed of a steel framework and lieavy wire mesh 
set on a solid maple base elevated 22 inches above the 
floor. The base was painted with battleship gray and 
the metal work with alumiiuun paint. 

There were three reaction plates located in the floor 
of the reaction compartment, as shown in Figure 3. 
These piates were ot the natural maph color and in- 
laid with copper strips which were wired for shock, 
They were set into the floor of the box so that the tops 
of the plates were flush with the floor. Underneath 
they were equipped with square metal posts which 
worked up and down freely through sleeves piercing 
the floor of the box. By means of an adjustable spring, 
each plate was held up to the level of the floor but 
could be depressed approximately inch by a light 
pressure, For this experiment the plates were ad- 
justed to weights of from 7S to 100 grams. 

Three doors were of primary importance for ex- 
perimental purposes. The entire outer end of the 
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The broken line indicates a perfect response in Step IV. The 
animal starting at E is required to step on the plates in the order 
1, 2, 3 find reverse to 2, to open the doar, Dj and obtain access to 
the food. By courtesy of Professor C. J. Warden. 

entrance compartment consisted of a hinged metal 
door (outer door) H inches by 14 inches. A vertical 
sliding door (entrance door) closed off the entrance 
compartment from the reaction compartment. This 
door was constructed of bakelite and covered with 
aluminurh paint to match the metal part of the appa- 
ratus. The door into the incentive compartment 
(inner door), like the walls of the compartment, con- 
sisted of a steel frame and wire mesh. It was located 
directly in front of the entrance door and was 14 inches 
high by 9J4 inches wide. It was held shut by an 
electromagnetic device and was constructed in such a 
way that when released it opened by force of gravity 
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and came to rest by its own inertia. This construction 
made its operation relatively noiseless. 

The larjjc circular cage was lighted by four Z5-watt 
and eight 40-watt bulbs set in a large reflector 38 inches 
in diameter by 13M inches deep. The reflector was 
larger in diameter than the inner cage and the lights 
Were so arranged as to give a very uniform light. This 
eliminated shadows which might have been cast by 
the framework and walls of the cage. The light was 
diffused through sheets of opal and plate glass into 
the apparatus below. The light fixture was attached 
to the wall of the room by a movable arm and could 
be swung back away from the apparatus when desired. 
The entrance compartment was lighted by a 10-watt 
bulb set in an ordinary reading-lamp reflector closed 
at the bottom with a sheet of opal glass. 

The entire apparatus, with the exception of the top 
of the entrance compartment and the top center of 
the main cage where the light was located, was covered 
with a fine screen wire painted white. Under experi- 
mental conditions of a darkened room and lighted ap- 
paratus, this formed a one-way light screen which 
eliminated visual cues that might otherwise have been 
given by the experimenter. 

The experimenter’s control table was situated at the 
right and in front of the problem, apparatus, the ex- 
perimenter's chair being approximately 7K f^ct from 
the front of the box (Figure 1). On the control table 
were located the switch board and the relays which 
controlled the operation of the inner door. A clia- 
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gram of the wiring system is shown by Warden, Jen- 
kinsj and Warner (33, Chapter IX). 

The operation of the apparatus has been described 
in detail by Jenkins (14) and only the major functions 
will be reviewed here. As has already been indi- 
cated, the inner door was held shut by an electromag- 
netic device. The wiring was so arranged that when 
the proper reaction plate or plates in the Soar of the 
box were depressed the circuit through the magnet 
was broken and the door released. It was possible 
to set the switch board for a variety of combinations 
of plate reactions, control being mediated through a 
system of relays. For example, in one setting the 
door was released by the depression of any plate; in 
another it was released by the depression of a certain 
plate; in others it was released by the depression of the 
plates in any predetermined sequence. 

There were three small signal lights on the switch 
board, one connected with each plate in such a way that 
when the plate was depressed the light would be ex- 
tinguished but would reappear when the plate sprang 
back into position. These lights aided the experimen- 
ter in taking accurate records and indicated that the 
electric control system was operating properly. 

A 10-watt pilot light located on the control table was 
enclosed by a black box with a tiny slit which was 
covered with a small sheet of paper. Thus only suffi- 
cient light was emitted to allow the experimenter to 
take the necessary records. The control table also con- 
tained all of the necessary switches for the lights, for 
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applying shock, and for releasing the inner door Avhen 
desired, 

The inner door of the entrance compartment was 
operated by means of a cord which ran through a 
series of pulleys to the control table. The door of the 
food cage could also be released manually when de- 
sired. Such noises as could not be avoided in operat- 
ing the doors did not seem to disturb the animals. 
Nevertheless, a 16dnch electric fan was run constantly 
at medium speed during the test period as an addi- 
tional precaution. 

Subjects 

A group of seventeen young Macaques rhesus 
monkeys were used in the regular experiment. These 
subjects probably ranged from 24 to 31 months in age. 
They were obtained from a local dealer and were 
brought into the laboratory almost directly upon im- 
portation. , 

Protocols 

Monkey A. Male. Wciglit, 86 ounces,^ Limit, 22 steps, 

Tlic gcncrnl physical condition of this inonlccy Avns excellent. lie 
tamed readily but was always aggressive and never gentle or docile. 
He was quick to show anger toward other members of the colony and 
Rnally became so pugnacious that he was not allowed to run with 
them during the daily exercise period. He was extremely active and 
frolicsome. His behavior in tlic experimental situation was cliac- 
neterized at first by much romping and playing; however, as the 
problems became more complic.Ttcd he worked very consistently and 
rapidly. 

Monkey li, Male. Weight, 68 ounces. Limit, 12 steps. 

This monkey's general phy.sical condition was good throughout, 

'Tlic wcigliiH given far nil of the siilijcclii were oliinincd during die 
perJpil o/ Adjiisnneni' sJiortJy niicr llic monkeys nrnvcsi jn flic Inborigiory, 
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He appeared to be rather delicate at first but later developed into one 
of the finest specimens of the group. He tamed readily, was rather 
shy at first but Uter became quite aggressive. His behavior in 
the experimental situation was marked by intermittent periods of 
extreme activity wiiich included whirling around and around very 
rapidly, racing in the apparatus, Jumping, and rolling. He would 
break off in the midst of what gave promise of being an almost per- 
fect trial and suddenly start racing or whirling. After some seconds 
of very vigorous activity, he would stop suddenly and sit very still 
for a time, then continue with the solution of the problem. This 
behavior would appear repeatedly over a period of days and then 
often would not reappear at all for days or even weeks. 

C. Male. Weight, 88 ounces. Limit, 3 steps. 

This monkey was in good physical condition, inclined to he fat, 
He tamed easily although he tended to be shy and ‘^cautious" in his 
general behavior. In experimental situation this shyness led to 
conditioning against the inner door. 

Monkey Z). Male. Weight, 106 ounces. Limit, 3 steps. 

Subject D was a long, slender animal but in good physical condi- 
tion throughout the experimental period. He was very wild upon 
arrival in the laborntory and one of the most difficult to tame. Even 
though given additional attention during the taming period and 
during the preliminary period in the apparatus, lie was less tame 
than most of the other subjects, 

Monkey £. Male. Weight, 104 ounces. Limit, 12 steps. 

Subject E vras long and slender in build. He was in good physical 
condition throughout most of the experiment. During the last two 
or three months he developed a chronic diarrhea w^hich affected his 
general physical condition and may have hastened failure in the 
problem. However, he appeared to be well motivated Co the end. 
Compared to the other members of the group, he was one of the 
wildest at the beginning and one of the least tractable throughout 
the entire experiment. He exliibited fear of the inner door almost 
from the beginning, at times refusing to enter the food compartment 
at alL During the training on Step II he developed a stereotyped 
habit of going in the wrong direction. The most drastic form of 
punishment (180 seconds* delay and no food at the end of the trial) 
was required to eliminate this habit. Nevertheless, during training 
on Step II and thereafter he was very persistent and almost tireless 
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in his efforts to obtain tlic reward even in cases of extreme difficulty 
anti repeated failure. 

Monkey F, Male. AVcight, 99 ounces, Limit, 9 steps. 

'riiis subject was of meduiin Iniilil and in uooil pliysicnl conditioji. 
He was easily tamed, remarkably quiet and docile, Altlioui^h fairly 
timid tlmoui^hout the expciiincncal periud, he readily became adapted 
to the experimenter and to the experimental situation. During the 
training on Step II he developed a stereotyped habit of running 
directly to plate 2 and back to plate 1. This error became firmly 
established and severe punishment (100 seconds' delay and no food at 
the end of the trial) was necessary to correct it. Howeverj in spite 
of this, Ins motivation remained at a high level. 

Monkey Cr. Male, Weight, 75 ounces. Limit, 6 steps. 

Subject G was slender in build but in good physical condition, 
He tamed readily and was very tractable throughout. At the bc^ 
ginning of the experimental period lie formed the habit of reaching 
to the top of the cage in the region of the plate. Since he fre- 
quently touched the plate at the same time, this behavior often re- 
sulted in success, and it persisted for L16 trials. It was later 

resorted to in attacking new steps. Toward the end of the experi- 

mental period he exhibited consiilcrahlc sex behavior in the apparatus. 
Monkey H. Male. Weight, 75 ounces. Limit not obtained. 
This subject appeared to he in good pliysical condition at the bc- 
giiining and throughout most of the basic problem. However, he 
later developed a severe ease of diarrhea and died shortly after com- 
pleting the basic problem. He was wild at first but tamed without 
great difficulty. He in general very active but lus behavior in 
the apparatus was marked by little extraneous activity. 

Adonkey R. Female. Weight, 70 ounces. Limit, 2 steps, 

This subject had not matured sexually before the end of the 
experiment. She was in excellent pliysical condition throughout. 
She was slightly aggressive but very tractable for the most part. 
Although she seemed to adjust readily to the cxpcriincntaL situation, 
licr performance was clinractcriv-cd by considerable extraneous be- 
havior, She developed the habit of racing in the appavatvis, often 
going at such a high rate of speed that she was unable to stay on the 
floor but was forced to rim on the ^ vails of the box, 

AFoiikey S. Female. Weight, 115 ounces. Limit, 3 .steps. 

This subject was estimated to be approximately 31 months of age 
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on the bnsis of 5ex maturity. She was in good physical condition 
although severe swelling of the entire posterior part of the body 
occiiiTecI. This appears to be a normal condition in the maturing 
female macaque* She was one of the wildest members of the colony 
upon arrival in the laboratory. However, she adjusted to the 
experimental situation quite readily* 

Monkey T, Female. Weight, 114 ounces. Limit. 3 steps. 

Subject T Was estimated, on the basis of sex maturity, to be about 
31 months of age. She wus of stalky build and in good physical 
conditioiip Upon arrival she was the wildest of all of the females 
and the most difficult to tame. However, she was seldom aggressive 
toward the experimenter and. in spite of her size, was very timid 
toward the other monkeys, In the apparatus she was relatively 
inactive at first but later exhibited much extraneous behavior which 
seemed to be due largely to sex interest. 

I/. Female. Weight, 93 ounces, Limit, 4 steps. 

Subject U Was estimated to be about 30 months old on the basis 
of sex maturity. She was physically in good condition throughout. 
She was not difficult to tame. In the apparatus she was quite in- 
active at first, occupying much of the time during the first trials sit- 
ting by tile entrance door, often screaming vehementl3^ 

Moniey K. Feinale. Weight, 68 ounces. Limit, 13 steps. 

This subject was judged to be about 25 montbs old on the basis 
of sex development, She was in excellent physical condition and 
was very active. She was not exceptionally wild but was inclined 
to be aggressive from the beginning. In the experimental situation 
she worked very fast when Ucr activity was directed toward the 
plates. However, she displayed some extraneous behavior including 
whirling, jumping, rolling, and forming a swing by threading her 
cord through the wire, at the top of the box and grasping the end 
with her hands and feet. She also had a peculiar trick, frequently 
resorted to, of hooking her left hind leg over her back and hobbling 
around on three legs. Whenever this form of locomotion was re- 
sorted to, the pioblem-solving performance was completely disrupted. 
It seems likely that this was a type of sex behavior. Frequently she 
would suddenly break off this extraneous activity and run through the 
problem very rnpidlyj making a perfect performance: from that point 
on. Of all of the monkeys in the group, none of the others dis 
played such a wide range of distracting types of behavior. 
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Monkey IF, Female. Weight, 86 ounces. Limit, 4 steps, 

Subject W appeared on the basis of sox development to be about 
25 months of age. She was in good pliysical condition aiul quite 
active* She was wild at the beginning and never became very 
tractable. In the apparatus she became conditioned against the 
door into the reaction compartment almost at the beginning. When 
the door was opened sl»e Would spring out of the entrance compart- 
ment and often with one leap grasp the wall of the inner cage. As 
the extreme fear wore ollf she would dart out quickly, always passing 
plate 1. This led to persistent errors which reappeared with the 
introduction of each new step. 

Monkey X^ Female. Wcigl^t, 70 ounces- Limit, 8 steps. 

Subject X was probably about JO months old as indicated by sex 
maturity, She was in good plq^sical condition. Slic t.amcd very 
rcadil)', was quiet, iin aggressive, and on the wJiole the ino5t tractable 
cinimaL in the group. In the apparatus she was slow and "cautious'^ 
in her movements. 

Monkey Y. Female, Weight, 72 ounces. Limit not obtained, 

Monkey Y bad not reached sexual maturity at the time of her 
death. Early in the experimental period she developed a tubercu- 
lar cough and was (juite inactive. After completion of the basic 
problem, she was isolated from the rest oi the group and died shortly 
thereafter. She. tnmed quite readily and was never di/Iicuit to 
handle. In the apparatus she w^as inactive at first but later worked 
very well, 

Monkey Z. Female, Weight, 73 ounces. Limit not obtained. 

This subject had not matured sexually at the time she was dropped 
from the experiment. Upon completion of the basic problem, she 
was used for the preliminary work in standardization of shock. 
Due to the use of a relatively high shock, she became conditioned 
against the plates. For this reason she was not used in tlic ad- 
vanced problem. This monkey w'as in excellent physical condition. 
She tamed readily and was slightly aggressive. She worked con- 
sistently in the experimental situation and displayed little distract- 
ibility. 

The value of a learning experiment of this type 
which extends over a long period of time is to a great 
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extent dependent upon keeping the animals in normal 
healthy condition. The necessary confinement to- 
gether with the absence of sunlight add greatly to this 
problem. The difficulties of keeping monkeys alive 
indoors over a long period of time and their suscep- 
tibility to tuberculosis are well known. With these 
facts in mind, a careful study was made in order to 
obtain the most favorable living-conditions possible. 
It was necessary to work out a well-balanced diet 
which would include all of the essential food elements 
as well as an abundance of those vitamins which would 
normally be supplied to a great extent by sunlight. 
After much correspondence and consultation with 
recognized authorities, and after trying out various 
combinations of foods, the following weekly diet was 
adopted and maintained throughout the experimental 
period : 


Morning 

Sunday: Milfc and eggs 

Monday: Milk and eggs 
Tuesday*. Milk and eggs 
Wednesday: Milk and eggs 

Thursday: Milk and eggs 
Fiid^y' Milk, and eggs 

^Saturday; Milk and eggs 


Afternoon 

WJiolewheat bread and 
caiTQt 

Boiled rice and celery 

Boiled potato and beet 

Wholewheat bread and 
lettuce 

Boiled rice and celery 

Wholewheat bread and 
spinach 

Boiled sweet potato and 
carrot 


Evening 

Banana 

Banana 

Banana 

Banana 

Banana 

Banana 

Banana 


Milk and egg's were mixed in the proportion of two 
eggs to a quart of milk. Each monkey was given fratii 
one-fourth to three-fourths of a cup according to the 
requirements of the animal. In addition, two or three 
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peanuts were given each animal on Wednesday and 
Sunday, Also approximately teaspoon of pow- 
dered Adex tablets was fed each monkey with the 
banana. 

It will be noticed that while the morning and eve- 
ning meals were kept constant from day to day variety 
was introduced into the afternoon meal, l^he latter 
consisted of some starchy food and a green vegetable. 
Although the food varied in kind from day to day, 
the amount of food was kept relatively constant in 
order to avoid variable effects upon motivation. The 
A and D vitamin content of the diet was considerably 
increased by the use of powdered Adex tablets. Vari- 
ous methods of giving cod-liver oil were tried without 
success. The monkeys showed extreme dislike for it 
and refused every kind of food with which it was 
mixed. The problem was finally solved by grinding 
Adex tablets to a fine powder and placing the powder 
in slits cut in the bananas, 

As a further substitute for sunlight, the animals were 
given daily exposures to rays from a General Electric 
Sun Lamp (Model B, vertically adjustable, Mazda 
lamp, type S-1 bulb). It is noteworthy that the mon- 
keys gave definite positive reactions to the rays of the 
lamp, usually selecting that spot where the rays were 
most intense, 

Every animal was watched closely for any signs of 
indisposition. Although there was very little illness 
in tlic colony, a few mild cases of diarrhea did occur 
and two severe ones, The mild cases were quickly 
remedied by reducing the amount of green vegetables 
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fed to these subjects. Through careful observation the 
experimenter was able to determine the amount of 
greens required by each monkey. Occasionally two 
or three peanuts were added to the diet of those mon- 
keys which showed a tendency toward diarrhea, The 
regulation of the diet was greatly simplified by the 
fact that the monkeys were caged separately. A vet- 
erinarian was consulted with regard to the more seri- 
ous cases. The treatment prescribed was a dose of 
bismuth subnitrate about the size of an aspirin tablet 
every two hours during severe attacks until feces be- 
came dark. 

That the system of diet and the general care of the 
animals were very satisfactory is indicated by the fact 
that with few exceptions the monkeys were kept in 
splendid physical condition throughout the entire ex- 
periment lasting over a period of nearly two years. 

The daily schedule throughout the experiment was 
as follows'. 

Early morning — j4 hour exercise. 

Six to ten of the animals were released together in the runway for 
about thirty minutes, When more than ten animals were being 
housed in the laboratory, a part of them were given their exercise 
before the morning meal and a part after. During the exercise 
period they were exposed to rays from General Electric Sun Lamps. 

7 :30-8 :00, Morning meal. 

9 :00-l 1 :00. Cleaning cages and watering. 
ll:00-latE afternoon. Experimental period. 

The experimental period varied in length according to the number 
of animals being used and according to the difficulty of the problem. 
Late afternoon. Afternoon mcql. 

The afternoon meal was fed at the end of the experimental period. 
6 ‘,00 Evening meal. 
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Upon arrival in the laboratory a leather belt was 
placed oa each monkey. Attached to each belt by a 
ring was a light chain approximately li inches long 
with a ring at the end. Onto this ring was snapped 
a longer chain which served as a leash. Each animal 
was caged alone. 

In order to give the monkeys an opportunity to make 
a gradual adjustment to the general laboratory con- 
ditions, they were left undisturbed in their cages for 
the first few days, except for the necessary feeding and 
watering. At the end of a week the laboratory at- 
tendant began the daily taming process. Each monkey 
was taken out on the leash, fed sunflower seeds, and 
led around the laboratory. At the end of approxi- 
mately two weeks the taming process was taken over 
by the experimenter and was continued until the ani- 
mals seemed fairly well adjusted to the experimenter, 
i.e,, would eat from the hand, etc, The minimum 
time aAowed to elapse between the cntrtiTice oi u sxjb- 
ject into the laboratory and its introduction into the 
apparatus was five weeks. This varied with the tame- 
ness of the animals, additional attention being given 
the animals which were more difficult to tame. It 
also varied to some extent with the time of the ex- 
perimenter, since it was impossible to start the last 
group of four monkeys for over two months after they 
were brought into the laboratory, due to the long hours 
required at that time by the other subjects. 

It should be pointed out here that, during the period 
of adjustment in preparation for the regular experi- 
ment, the monkeys were not treated as rats usually 
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are, i.e., all given an equal amount of attention, includ- 
ing a certain number of days of preliminary handling 
and a certain number of days of adjustment to the ap- 
paratus. An attempt was made to bring them all up 
to the same degree of tameness and to get them all 
equally well adjusted to the apparatus. It was, there- 
fore, necessary to give a great deal more time to some 
monkeys than to others. This was done by extending 
the preliminary period over more days and by giving 
the subjects more time per day. The desired end, 
of course, was only approximately attained, since the 
subjects varied greatly in temperament, some being 
more tractable after a few weeks of handling than 
others were after many months. Uniformity was ob- 
served to the extent that at no time were any of the 
monkeys treated as pets. 

Git.NE.RA.L Procedure 

As soon as the monkeys were thought to be suffi- 
ciently tame, the process of adjustment to the appa- 
ratus was begun. For this purpose the experimental 
room was dark except for the small light over the 
entrance compartment, Each monkey was placed in 
the entrance compartment for five minutes daily for 
one week, or until he appeared at ease. While in the 
compartment, raisins and bits of apple were dropped 
in to him. 

When the subject appeared to be adapted, i.e,, ate 
readily and moved about freely, the second stage of 
adjustment to the apparatus was introduced. For use 
in this connection, a tunnel 26j4 inches long by 11^4 
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inches wide and 18j^ inches high Was constructed. 
It consisted of a heavy wood frame covered with wire 
mesh. This tunnel was placed in the apparatus to 
form a passage between the entrance compartment and 
the incentive compartment and made It possible for 
the monkeys to become accustomed to the apparatus 
without acquiring practice in reactin|j to the plates. 
In addition, it furnished a means of tftiining them to 
return to the entrance compartment from the incentive 
compartment in response to the signal of opening the 
entrance door. This was a part of the training In 
preparation for the regular experiment in which it 
was necessary that the animals return to the entrance 
compartment at the end of each trial. During the 
preliminary period they were trained to run through 
the tunnel to obtain food in the incentive compart- 
ment and then to respond to the opening of the en- 
trance door by returning to the entrance compartment, 
The monkey was placed in the entrance compartment, 
the long chain was removed, and a long cord having 
one end attached to the outer part of the compartment 
was slipped through the ring of the short chain. This 
cord was long enough to allow the monkey to enter 
and explore the food compartment without restraint. 
The large light was then turned on over the main 
box, the inner door left open, and the entrance door 
slowly raised. When the monkey had passed into the 
tunnel, the door was closed behind him, and when he 
had entered the incentive compartment the inner door 
was closed. When he had eaten the food, the doors 
were opened and he was allowed to return to the en- 
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trance compartmenti However^ if he did not return 
within one minutCj encouragement was given by slight 
pulls on the long cord. Seldom was it necessary to 
pull the animal back forcibly. These trials were 
increased from one to five per day and were continued 
until the animal had learned to return to the entrance 
compartment without aid from the experimenter. The 
entire period of adjustment to the box required from 
two to four weeks, depending upon the animal. 

Even though the monkeys learned to respond to the 
signal of the opening of the entrance door by return- 
ing to the entrance compartment during the prelim- 
inary period, it sometimes happened that with the 
beginning of the regular experiment, when the tunnel 
was removed, they failed to respond to the opening 
of the door. In case the monkey failed to return at 
once in the regular experiment, one of a variety of 
methods was used to obtain this end. Usually if the 
experimenter walked to the side of the apparatus the 
monkey would go directly into the entrance compart- 
ment. However, a few of the animals were inclined 
to run around in the apparatus. For these it was 
necessary to use more drastic measures, such as catch- 
ing their cord with a long hook and pulling them 
directly from the incentive compartment into the en- 
trance compartment. The most difficult case was that 
of subject A, a very active and playful monkey. After 
approximately two months of rigid training during 
which at the end of each trial the doors were opened 
simultaneously and he was quickly pulled through to 
the entrance compartment, this subject gave no more 
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trouble but returned voluntarily when the doors were 
opened. 

Each animal was started on the regular experiment 
as soon as it had learned to return through the tunnel 
to tlic entrance conipartincnt at the signal of the rais- 
ing of the door. The exact procedure for each trial 
in the regular experiment was as follows; 

1. The box was baited and lights turned off in the 
room, leaving only the small light over the entrance 
compartment and the experimenter's pilot light. Both 
the entrance and the inner doors were closed. (The 
tunnel had been removed from the box.) 

2. The monkey was taken from the living-room, 
led into the experimental room and placed in the en- 
trance compartment. (By this time the long chains 
were no longer necessary but had been replaced by 
cords of windovv-sash size which were tightly secured 
to the rings of the short chains. These were left on 
when the monkeys ran through the apparatus.) 

3. The experimenter sat down at the control table 
and turned on the large light over the apparatus. 

4. The door into the reaction compartment was 
raised. 

5. As soon as the animal had entered the compart- 
ment, the door was lowered behind him. 

6. When the animal touched off the necessary plate 
or plates, the inner door opened and he was given 
access to the food. 

7. When he Jiad eaten the food, the entrance door 
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was Opened and he returned to the entrance compart- 
ment. 

8, The box was then reset for the next trial. 

The incentives used were one raisin and one piece 
of apple about the size of a small raisin. The monkeys 
were allowed to obtain both bits of food at the end 
of each successful trial. The selection of these in- 
centives was determined by a series of food tests made 
during the taming period of the preliminary group. 
Tests of food preferences were made by presenting 
in pairs equal-sized pieces of different kinds of food 
and recording the choices of the animals. The types 
of food used in the tests were; apples, sunflower seeds, 
raisins, grapes, bananas, oranges, peanuts, and dates. 
The most frequently chosen food was apple, grapes 
ranking second. However, since raisins also were 
chosen very frequently, it seemed better to use them 
in combination with the apple because they provided 
greater contrast to apple than grapes would. 

The purpose of using two kinds of food was to keep 
motivation more constant, ^he monkeys varied some- 
what in their choices and it seemed likely that a given 
monkey would vary over a long period of time. The 
use of two widely different kinds of food which were 
relatively high in incentive value under the test con- 
ditions seemed the most satisfactory method of equaliz- 
ing these differences, The foods selected, apple and 
raisin, proved to be very satisfactory since they re- 
mained high in incentive value throughout the entire 
experiment. With the beginning of the regular ex- 
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pcrinient and therciifter both apples and raisins were 
strictly excluded from the diet except as incentives. 

Ill addition to these regular incentives, approxi- 
mately six sunflower seeds were fed from the experi- 
menter’s iiatid upon returning the monkey to the living- 
quarters after each set of five trials. This was done 
for the purpose of keeping the subjects tractable. 

Punishment in the form of delays in obtaining the 
food was used in a number of cases where certain 
stereotyped errors developed which required special 
treatment. When the animal went through the trials 
three times in succession in the same stereotyped man- 
ner, which involved one or more errors, a delay of 15 
seconds was introduced, i.e., instead of allowing the 
inner door to open, it was held shut for 15 seconds. 
The animal was then required to touch off the plates 
in a manner not involving the stereotyped habit before 
the door was opened. Obviously the delays varied in 
length depending upon the time taken by the animal 
to work the problem after the 15 Seconds. In some 
cases these delays were ineffective and the punishment 
was increased to 180 seconds' delay with no food at 
the end of the trial, i.c., after 180 seconds the animal 
was recalled to the entrance compartment. Such 
severe punishment was used only as a last resort and 
when the animal was sufficiently motivated to make it 
practicable. 

The distribution of practice was kept as uniform 
as possible. Step I was begun with one trial per day 
and gradually the number was increased to live de- 
pending upon the success of the animal. Beginning 
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with Step II and thereafter the subjects were given 
ten trials per day in sets of five. The entire group of 
monkeys was run through the first set in a given order 
and then, beginning over again, they were run through 
the second set in the same order. 

The norm of mastery used was nine perfect trials 
out of ten. A perfect trial consisted of a direct re- 
sponse to the plate or plates in the required order 
without any extraneous behavior and an immediate 
entrance into the food compartment. Where a series 
of plates was involved, it was necessary for the animal 
to indicate the end of the series, either by hesitating 
on the last plate or starting directly toward the door. 
If such an indication was given before the last plate 
in the series was reached, it was counted as an error. 
A given subject was trained on each step until it 
reached this degree of mastery and then it was imme- 
diately transferred to the next step. 

There were three types of ttials, based on the pet- 
formance of the subjects i perfect trials, failure trials, 
and corrected trials. Perfect trials were those in 
which the subject responded directly to the plate of 
plates in the required order without any extraneous 
activity and entered the food compartment without 
delay. Failure trials were those in which the animal 
did not succeed in touching off the necessary plate or 
plates in the time allotted. In such cases, when the 
time limit was up the subject was recalled to the en- 
trance compartment and, of course, received no reward. 
Corrected trials, involving one or more errors, ranged 
all the way from almost perfect trials to near failure 
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trials, That is, the animal was allowed to obtain the 
food if it depressed the necessary plate or plates in the 
proper temporal order and approached them from the 
required direction, even though a number of errors 
might have been interjected from time to time between 
the correct reactions to the several plates, For ex- 
ample, an animal might complete a part of the pat- 
tern correctly, then make a number of errors, and later 
return and continue the pattern, completing it within 
the three minutes. Illustrations of the kind of be- 
havior involved will be given in connection with de- 
scriptions of the various problems. These trials were 
called corrected trials because the animal, after start- 
ing the pattern and then making errors, was allowed 
to correct its errors by picking up the pattern again 
at whatever point it was broken off. Obviously they 
were "corrected” only from the point of view of the 
experimenter and not necessarily from the standpoint 
of the animal. These trials were successful in the 
sense that the monkey obtained the reward. 

This procedure was necessary in order to maintain 
motivation at a high level. Otherwise the tasks would 
have been so difficult as to cause a piling-up of failure 
trials (no reward allowed) and consequent discourage- 
ment of the subjects. Furthermore, it is in accord 
with the usual practice in maze problems. In maze 
work, the rat is allowed to obtain the food when it 
finally reaches the food compartment even though it 
has entered many culs-dc-sac on the way. The rat is 
not required to return to the starting-point and run 
the entire maze correctly before obtaining the reward ; 
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in fact, in many cases he is prevented from retracing 
at all. 

Detailed and careful behavior records were taken. 
The time for each trial from the entrance of the ani- 
mal into the reaction compartment to the touching-off 
of the last plate in the series was taken. To facilitate 
the taking of other behavior records the floor of the 
box was theoretically divided into quadrants, Quad- 
rant A extended from an imaginary line running from 
the center of the entrance door to the center of the 
inner door, to a line cutting through the center of 
plate 1 ; quadrant B from the center of plate 1 to the 
center of plate 2; quadrant C from the center of plate 
2 to the center of plate 3; and quadrant D from the 
center of plate 3 to the center of the door or the bound- 
ary indicated for quadrant A. By reference to these 
quadrants it was a fairly easy matter to indicate the 
path taken by the animal as well as to indicate the 
direction from which the plates were approached. 

The usual learning scores of numiber of trials, errors, 
and minutes were obtained from the records taken, 
These scores will be presented and discussed in a later 
section of this study. 

In addition to the learning scores, a number of 
others, which for convenience may be classed as 
activity scores, were obtained. These include the total 
number of plates depressed, total number of quadrants 
traversed, number of plates touched per quadrant 
traversed, number of plates touched per minute, num- 
ber of quadrants traversed per minute, together with a 
complete analysis of the various types of errors made, 
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By niea/is of these scores it was possible to give a rela- 
tively complete description of behavior in quantitative 
terms. 

A description of various other kinds of behavior 
activities was included in the record which was useful 
in interpreting various behavior scores, 

Special Pkoceduwe for the Various Problems 

The study can be conveniently divided into a basic 
problem and an advanced problem. Although, in 
general, the procedure for both problems was iden- 
tical, there were a few points of difference which 
should be indicated. 

Basic Problem. The basic problem consisted of 
three steps. A description of the problem will be best 
understood by reference to the floor plan shown in 
Figure 3. In Step I the monkeys were trained to 
depress plate 1, the first plate to the right as they en- 
tered cfie reaction compartment. In Aftep ll pfatc Z 
was added, i.e., the animals were trained to depress 
plates 1 and 2 in order. In Step Hi plate 3 was 
added to the series so that it was necessary to depress 
plates 1, 2, and 3 in order. As indicated above, each 
step was mastered to the degree of nine perfect trials 
out of ten before the subject was transferred to the 
next step. 

As mentioned in the previous section, the animals 
were allowed to obtain the reward on what were called 
corrected trials if they depressed the necessary plate 
or plates in the proper sequence and approached them 
from the required direction regardless of the number 
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or kinds of errors which might have been interjected 
between the correct reactions. A few specific ex- 
amples of this type of trial will make this part of the 
procedure clear. On Step I, since only one plate was 
involved, the only requirement was that the animals 
step on this plate when going in a counterclockwise 
direction. Many errors, such as pulling at the inner 
door, climbing, circling the cage, touching off the other 
plates, and even touching off plate 1 while going in 
a. clockwise direction, might have been made before 
the plate was approached and depressed from the re- 
quired direction. Nevertheless, the animal was allowed 
to obtain the reward as soon as he made the appro- 
priate response, i.e., depressed the plate while running 
in a counterclockwise direction, within the time limit. 

In Step II plates 1 and 2 were to be depressed in 
order. The subject was required to approach the 
plates while going in a counterclockwise direction and 
to depress first plate 1 and later plate 2, He might 
make many errors before reacting to plate 1, and many 
more errors, such as repeatedly working at plate 1, 
running to the inner door, depressing plate 3, and de- 
pressing plate 2 from the wion'g direction, before mak- 
ing the correct reaction to plate 2. However, if he 
had previously depressed plate 1 from the required 
direction, he was allowed to obtain the reward as soon 
as he depressed plate 2 from a counterclockwise direc- 
tion, The same principle held for Step III. For 
example, if the monkey made the correct reaction to 
plate 1, omitted plate 2, and depressed plate 3, he 
might still obtain the reward after many intervening 
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errors if he finally depressed plate 2 and later plate 
2 Avhile running in a counterclockwise direction. He 
might even depress only plate 1 on the first trip around 
the cage, plate 2 on a later trip, and plate 3 on a still 
later trip, and yet obtain the reward provided all three 
plates were depressed in the required temporal order 
and direction, regardless of the number or type of 
intervening errors. In other words, the subject was 
allowed to make corrections by picking up the pattern 
at any point Avhere it may have been broken off. He 
was thus not required to begin again at plate 1 and 
to repeat the whole pattern perfectly before obtaining 
the reward on a given trial. 

It was necessary to place a time limit on the trials, 
otherwise some of the subjects would jiavc required 
a very long time before they succeeded in depressing 
the necessary plate or plates, If at the end of the 
allotted time the monkey had not succeeded in touch- 
ing off the plates, it was recalled to the entrance com- 
partment and the trial recorded as a failure. The 
trials were limited to either three or five minutes. At 
the beginning of the experiment a limit of five min- 
utes was used. However, as the experiment got under 
way, it was observed that the monkeys seldom suc- 
ceeded after three minutes and, since during the heavy 
part of the work the experimental period extended 
over such a long portion of the day that it was im- 
possible to maintain a proper feeding schedule, it was 
necessary to reduce the time to three minutes. 

The criterion for failure on each step was 2000 
active trials, i.e., if after 2000 trials the animal had 
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not succeeded in reaching the norm it was considered 
to have failed the step. By an active trial is meant 
one in which the animal continued to react to the plates 
in an apparent effort to obtain the food. 

All of the seventeen subjects were trained on the 
three steps of the basic problem. 

Advanced Problem. The advanced problem was a 
continuation of pattern behavior beyond the basic 
problem and consisted in increasing the complexity 
of the series. This increase was secured by the 
addition of another plate at each new step until the 
animal had reached its limit in ability to learn. Fur- 
thermore, the advanced problem involved a reversal 
of direction of running at each even-numbered step. 
An example of this is shown in Figure 3. The dotted 
line indicates the correct path for Step IV, i.e., the 
first step of the advanced problem. This step involved 
depressing plates 1, 2, 3, and 2 in order. The animal 
was required to reverse its direction after touching off 
plates 1, 2, 3 and go back to plate 2 in reacting to 
it the second time. If he continued around past the 
door, Dj and touched off plate 2 while going counter- 
clockwise, the door was not opened. In Step V the 
series was 1, 2, 3, reverse to 2 and 1. In Step VI 
plate 2 was added, thus requiring another reversal, 
i.e., plates 1, 2, 3, reverse to 2, 1, and reverse to 2. 
In this way the series was increased by one plate at 
a time until it was extended to 23 plates. 

The same principle of procedure was carried out 
here as on the basic problem in regard to allowing the 
subjects to obtain the reward in the corrected trials in 
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which errors were involved. The subjects were merely 
required to react to the plates from the proper direc- 
tion, and in the proper temporal order, within the three 
minutes allowed, in order to obtain the reward. They 
were allowed to pick up the pattern at wliatever point 
or points it was broken olT and to make corrections 
from there on. Tliey were not required to begin at 
plate 1 again and repeat the whole pattern on a given 
trial before obtaining the food, The activities inter- 
vening at the various points of interruptions in the 
pattern were recorded and the number and types of 
errors tabulated. However, these errors, even though 
they might be stepping on wrong plates or reacting to 
the right plates from the wrong direction, did not pre- 
vent the animal from obtaining the food at tlic end of 
the trial if he later took up the scries and completed 
it within the three minutes allowed for the trial. 

A fairly simple illustration of a subject making a 
corrected trial on Step IV will help to make this clear. 
It may aid the reader, in following the movements of 
the subject, to refer to the floor plan in Figure 3. On 
this step the subject was required to depress plates 1, 
2, 3, reverse his direction and depress plate 2. The 
plates were to be depressed in the proper temporal 
order and from the indicated direction before food was 
obtained. However, after depressing plate 1 (cor- 
rect), the subject might omit plate 2 (error), depress 
plate 3 and reverse to plate 2. At tliis point he has 
merely the response to plate 1 to his credit. Now he 
might continue from plate 2 to plate 1 (error), then 
reverse his direction and go back to plate 2 (correct). 
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He now has plates 1 and 2 to his credit. He might then 
continue around to the door (error) passing plate 3 
and later, continuing in a counterclockwise direction, 
depress plate 3 (correct). At this point he has plates 
1, 2, and 3 to his credit. He might now continue in a 
counterclockwise direction (error) around the cage to 
quadrant C between plates 2 and 3, then reverse his 
direction and depress plate 2 (correct). With this 
last response to plate 2, the inner door would open and 
he would be allowed to obtain the food. It is obvious 
that, within the range of these various activities, the 
subject has actually run through the series of plates in 
the proper order and direction. Similar illustrations 
might be continued indefinitely but this example indi- 
cates the general principles followed for the trials on 
all of the steps. 

It is understood, of course, that in every case the sub- 
ject was required to learn each step until he reached 
the norm of nine perfect trials out of ten before he was 
transferred to the next higher step. When a monkey 
failed to attain this norm of mastery, according to the 
criteria set for the problem, he was considered to have 
reached his limit and was carried no further in the 
experiment. 

In Step IV, as in the three steps of the basic prob- 
lem, the criterion of 2000 active trials for failures was 
used. However, some of the monkeys consistently made 
failure trials, i.e., consistently failed to touch off the 
plates in the required order during the three minutes 
allowed for the trials and did not obtain the food. For 
these cases a criterion of 100 consecutive failure trials 
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was used. This seemed siiflicieiu since none learned 
any of the advanced steps after ten consecutive failure 
trials. Loiiij before the one-hundrctli trial the animal 
had become inactive and ceased to work at the solu- 
tion of the problem. This criterion was used in all of 
the advanced steps but for those steps beyond the fourth 
the criterion for failure in the case of active trials was 
reduced to 1000 trials. This seemed fair since none 
learned any of these steps after 630 trials. As a matter 
of fact, all of the subjects were actually given more 
than 1000 trials and one as many as 1775 trials. 

As the series increased in length, the monkeys ran 
more rapidly, and it became increasingly diOicult for 
die experimenter to determine Avhether or not the sub- 
jects gave the necessary indication of the end of the 
series. For this reason the automatic device which re- 
leased the inner door the moment the final plate of the 
series was depressed was not used In the advanced prob- 
lem. As already indicated, the door could be released 
by means of a switch on the control table. Tliis switch 
was used throughout the advanced problem, making it 
possible to delay the opening just long enough for the 
subject to indicate his reaction before he could receive 
any signal from the opening of the door. Thus, if he 
hesitated oil the plate or started toward the inner door 
the response was correct, but if he continued or turned 
toward the next plate the response was wrong and 
counted as an error. 

In the advanced problem shock was supplied in the 
plates to serve as a cue in learning the various steps. 
It was used only when the monkey touched die wrong 
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plate. The shock was produced by an alternating 
current of 60 cycles, with a terminal pressure of 500 
volts, an external resistance of 10,000,000 ohms in the 
circuit, and a current of O.OS milliamperes. The ap- 
paratus which controlled the current was the Jenkins 
Stimulation Apparatus which is described in detail by 
Jenkins, Warner, and Warden (32). The setting in 
terms of the apparatus was SOO volts with the resistance 
at step C (step 3 on the instrument). 

In testing out various degrees of electrical stimula- 
tion, the voltage was kept at 500 while the resistance 
was varied. The various settings of the apparatus tried 
out were as follows : 


VDltnge 

Step 

Resistance 

Ohms 

Milliamperes 

500 

A 

16,OQOjOOO 

0,031 

500 

B 

13,000,000 

0.03 B 


C 


0,050 

500 

D 

8,000,000 

0,063 

500 

E 

1^,000,000 

0,083 


Steps A, B, C, D, and E correspond to the series 1, 2, 
3, 4, and 5 as marked on the instrument board. They 
are here referred to by letter to avoid confusion with 
the numbered steps used in connection with the prob- 
lems. 

The shock to be used was determined by experimen- 
tation with three subjects of approximately the same 
age and weight as those used in the regular experiment. 
The work extended over a period of about two months. 
The final decision to use step C was largely determined 
by one subject which had previously learned the basic 
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problem and thus was comparable in training with the 
regular subjects used in the advanced problem. The 
tests were made with the subject during the period of 
training on Step IV. The instrument was first set at 
step A. After a few trials at this point, the shock was 
increased one step at a time until it reached step E. 
At this point, the subject became conditioned against 
the plates and refused to work. Shock was then omitted 
entirely until this negative behavior disappeared. 
When the subject began reacting to the plates regularly 
again, shock was introduced with the instrument set at 
step D. The subject now became conditioned against 
this lower shock. The shock was then reduced to 
the next step below, or that used in the regular experi- 
ment, 

In order to obtain the best results with regard to the 
limits of learning, it was necessary to use a relatively 
light shock to serve merely as a signal. This was true 
because if severe punishment were used the subjects 
would be likely to become conditioned against the 
plates, as actually happened with one subject used in 
the test experiment. 

A type of delay-punishment slightly different from 
that mentioned in the previous section on general pro- 
cedvire was found necessary in certain cases in the ad- 
vanced problem. It sometimes happened that on the 
higher steps which ended with plate 2 there was a 
tendency for the animal to continue on to the next 
plate instead of stopping at plate 2. This occurred 
especially with subjects which ran very fast, as was true 
of A and V. In these cases, it was necessary to open the 
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door immediately after the final plate was touched but 
to close it again quickly when the subject touched the 
next plate. He was then required to touch off the final 
plate (plate 2) again before being given access to the 
food. By the use of this method the error was always 
quickly eliminated. 

Thirteen subjects were used in the advanced prob- 
lem. This included all of the monkeys used in the 
basic problem with the exceptions of H, R, Y, and Z. 
As was indicated in the section on protocols, H and Y 
died before beginning the advanced problem; Z was 
employed in the preliminary work on shock and so 
could not be used thereafter in the regular experiment; 
R was eliminated because she failed Step III after 
being given 2000 trials and therefore was not used in 
the advanced problem. 

It is evident from the preceding description that the 
chief differences introduced into the advanced prob- 
lem were the reversal pattern to be learned and the use 
of shock to give cues. The division into basic and 
advanced problems has been made merely to simplify 
the discussion of the procedure and the treatment of the 
results. These two parts are to be regarded as one 
experiment, the chief aim of which was to determine 
limits of learning. However, the steps did. not progress 
by equal units of difficulty. This will be made evident 
with the presentation of the results. The greatest in- 
crease in difficulty occurred at Step IV where the re- 
versal of direction was first introduced into the task. 



Ill 

THK BASIC PROBLKM 

The data obtairtcd in enniiection with this experi- 
ment, as already indicated, may be divided into two 
classes, learning data and activity data. Under learn- 
ing data arc included trial, error, and time scores. 
Under activity data arc included all of the scores repre, 
senting a more detailed analysis of behavior. The 
division has been made for convenience and is some- 
what arbitrary since the two groups of data are closely 
interrelated. 

LE^\tlNINtJ Scoiius 

The individual learning scores for the seventeen 
monkeys in the three steps of the basic problem arc pre- 
sented in Table 1. These scores represent the learning 
period up to, but not incdtiding, the norm. Thus, the 
last eight or nine trials were dropped off, depending 
Upon whether there were nine or less perfect trials in 
succession. As indicated in a footnote to the table, 
S80 trials for subject E and 715 trials for F were 
omitted. These trials represent a long period of time 
during which the subjects were permitted to repeat 
stereotyped errors without any elTort being made to 
break up the habits. In the case of E, the error was 
circling the box in the wrong direction; of F, going 
directly to plate 2 nnd back to plate I. In both records 
the trials have been omitted from the point where 
there had been three successive sicreotypcrl repetitions 
of the error on a given day to the point where a definite 


4.3‘l 
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TABLE 1 


Results of 

Basic 

Problem Showing 
Scores 

Individual 

Learning 

Aninials 


Trials 


Errors, 

Minutes, 


Total 

Failure Perfect 

total 

total 



STEP I 




Males 

A 

191 

1 

25 

537 

52,30 

B 

n 

2 

4 


46.58 

C 

213 

60 

24 

I07fl 

437.65 

D 

301 

152 

39 

866 

776.37 

E 

199 

5 

5 

1053 

160.B1 

F 

58 

23 

2 

323 

169.50 

G 

197 

52 

2 

430 

210.88 

H 

19 

2 

2 

62 

25.05 

Fcmnlcs 

R 

u 

4 

5 

439 

59,90 

S 

176 

40 

IB 

546 

307.88 

T 

191 

163 

2 

515 

644.55 

U 

295 

264 

3 

675 

970J7 

V 

237 

171 

19 

573 

533.93 

w 

310 

140 

24 

730 

452.90 

X 

1+2 

71 

26 

221 

265.93 

Y 

34 

14 

7 

90 

B0.5O 

Z 

22 

1 

4 

60 

17.90 



Step II 




I\I afes 

A 

461 

0 

100 

1095 

99.42 

B 

2S5 

0 

38 

721 

111.42 

C 

51 

3 

16 

120 

32.78 

D 

417 

15 

143 

1022 

203,73 

E« 

609 

2 

El 

1463 

113,28 

Ft 

30& 

S 

31 

9B2 

149.07 

G 

49 

13 

14 

394 

46,15 

H 

61 

0 

5 

101 

30.67 

F^^ri nf es 

R 

8D 

D 

19 

220 

19.02 

S 

52 

22 

5 

219 

93.60 

T 

12 

5 

1 

21 

19.02 

U 

22 

6 

7 

40 

23.03 

V 

13 

6 

1 

19B 

23.57 

w 

377 

2 

61 

1336 

90.77 

X 

60 

6 

13 

146 

55.57 

Y 

15 

12 

1 

70 

64.40 

Z 

12 

0 

1 

92 

13.65 


*5S0 trials oinittEil. Sec pngc 434. 
t715 trials omitted, See page 434. 
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TABLE 1 (conliiiunl) 


Anrmah 

TomI 

Trifli/i 

Failure 

Perfect 

Errora, 

loul 

m 3 lollies, 
Luial 

AfnUj 

A 


o 

IQ 

111 

39 

m 

12.SD 

D 

[6^0 

21 

265 

2m 

S04.07 

C 

1 

0 

1 

0 

.12 

I) 

56 

1 

20 

113 

19.^1 

E 

297 

+ 

117 

311 

57,85 

F 

26 

6 

10 

270 

3«.67 

G 

9B 

Q 

42 

122 

16.5] 

H 

17 

0 

4 

30 

5.]0 

Femolcj 

R 

S 

FaileJ 

552 

1 

14^1 

792 

137.38 

T 

7 

0 

2 

1+ 

4.80 

U 

1 

0 

J 

0 

■17 

V 

66 

0 

24 

139 

8.43 

^v 

23+ 

0 

BB 

383 

32.80 

X 

m 

C 

21 

338 

61.53 

y 

11 

1 

2 

29 

13.55 

z 

2 

0 

1 

3 

.58 


effort on the part of the experimenter to break up the 
habit was begun. 

The total number of failure trials ns well as the 
total number of perfect trials for each subject are 
shown in the table. As indicated in the preceding sec- 
tion on procedure, a failure trial is one in which the 
animal fails to touch off the necessary plate or plates 
in the time allowed and thus does not secure the re- 
ward. A perfect trial is one in which the subject goes 
directly from the entrance compartment, touches off the 
plates in the required sequence, and enters the food 
compartment without hesitation or extraneous be- 
havior. 

The failure trials indicated in Table 1 may be di- 
vided into two types, thrcc-ininute and fivc'miinite 
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trials. As noted in the preceding section, a shift was 
made after the experiment was begun from a five- 
minute to a three-minute time limit for trials. Table 
2 shows the distribution of the two types of failure trials 
for the various subjects in the three steps of the basic 
problem. 

TABLE 2 

Failure Trials, Showing Distribution of the Two 
Different Lengths of Trials 


Animals 

Step I 

Length of trials 
Five Three 

minutes minutes 

Step II 

Length of trials 
Five Three 

minutes minutes 

Step III 

Length of trials 
Five Three 

minutes minutes 

A 

1 

0 

0 

0 

0 

0 

B 

2 

0 

0 

0 

12 

9 

C 

58 

% 

Q 

3 

0 

Q 

D 

112 

40 

0 

15 

0 

1 

E 

4 

1 

0 

2 

0 

4 

. F 

23 

0 

7 

1 

0 

5 

G 

0 

52 

0 

13 

0 

D 

H 

2 

0 

0 

0 

0 

0 

R 

4 

0 

0 

0 



S 

40 

0 

0 

22 

0 

1 

T 

65 

98 

0 

5 

0 

0 

U 

84 

180 

Q 

6 

Q 

Q 

V 

Q 

171 

0 

6 

0 

0 

w 

0 

140 

0 

2 

0 

0 

X 

0 

71 

0 

6 

0 

6 

Y 

' 14 

0 

12 

0 

1 

0 

z 

1 

0 

0 

0 

0 

0 

Total 

410 

755 

19 

81 

13 

27 


The individual scores were combined separately for 
each of the two sexes and also for the group as a whole. 
The measures of central tendency and of variability ob- 
tallied for these groupings are presented in Table 3. 
Due to the small number of subjects and the great vari- 
ability, the median may be considered a better measure 
of central tendency than the average. The median is 
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much smaller than the average for the total group in 
all Cases except for trials and errors in Step I, This 
is particularly striking in Step III where subject B 
required J640 trials to learn the step, while the animal 
ranking next required only 552 trials, and the one 
next in rank, only 297 trials, As a result, the average 
is almost three times as large as the median for errors, 
more than three times as great for trials, and almost 
four times as great for minutes. The discrepancies 
between averages and medians are on the whole greater 
for the females than for the males. 

The performance of the experimental group is char- 
acterized by a very wide range, whether measured in 
terms of number of trials, errors, or minutes, showing 
that some of the monkeys learned very quickly and with 
few errors, while others required a very large number 
of trials and made an enormous number of errors. The 
other measures of variability also indicate extreme 
variability of the group. Due to the small number of 
cases and the spread of the scores, the qunrtile deviation 
is perhaps the most signilicaiit of these measures. How- 
ever, the other measures arc presented in order to make 
the data cooiparable with similar studies made of other 
animals. 

Certain factors which may have contributed to this 
variability fall readily into two groups, those which 
relate to the set-up or conditions of the experiment and 
those which relate to individual characteristics of the 
subjects themselves. Several points should be dis- 
cussed in connection with the first classification. The 
fact that at the beginning of Step I it was largely a 
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matter of chance -whether the monkeys stepped on the 
plate would in itself tend to increase variability on this 
step. The variability of the scores, especially in Step 
I, is further increased by the fact that during the ex- 
periment a shift was made from a five-minute to a 
three-minute limit for length of trials. It has already 
been mentioned that this shift was necessary to save 
time and it was justified by the fact that the monkeys 
usually solved the problem within three minutes or 
failed to do so in five minutes. 

It is quite probable that only the time scores are 
greatly affected, however, since the failure trials were 
usually comparatively inactive ones. This being true, 
the number of errors would not be materially affected. 
Furthermore, the influence upon number of trials is 
perhaps very slight. It is problematical as to whether 
the greater length of trials would tend to increase or to 
decrease the number of trials. It may be that the 
longer trials tend to encourage the habit of inactivity 
and thus might actually increase the number of trials 
necessary to learn. Since the failure trials represent a 
very small proportion of the total number of trials for 
Step II and an almost negligible proportion of the trials 
for Step III, this factor cannot be regarded as making 
a significant contribution to variability in these steps. 

It might be argued that the use of a high norm, nine 
perfect trials out of ten, would tend to increase vari- 
ability. For this reason, the data were computed for 
the three steps on the basis of two lower norms, four 
perfect trials out of five (norm 2), and one perfect 
trial (norm 3). In comparing the norm used (norm 
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1) with the two cDinputed norms, it shovtUl be remem^ 
bered that in eacli case the animal was continued on the 
step until he had reached norm I, nine perfect trials 
out of ten, Thus in Steps 11 and III the data do not 
show what would have happened if the lower norms 
Jiacl actually hcen used in the precediiit,^ steps and the 
animals pushed on as soon as they reached these norms. 

The measures of central tendency and of variability 
obtained by computing the data on the basis of norms 
2 and 3, together with those obtained by the use of 
norm 1, arc presented in Tabic 4. On the whole, the 
measures of central tendency indicate that considerably 
more trials, errors, and time were required to reach 
each succeeding norm. However, in vStep I the differ- 
ences between norms I and 2 are much less than between 
norms 2 and 3. 'Fbc amount of overlapping of the 
scores is shown in Table 5. While this table indicates 
considerable overlapping of scores for all of the norms 
in each of the three steps, it substantiates the evidence 
for a much greater difference between the two lower 
norms than between the two higher norms in Step I. 

In comparing the variability of the lower computed 
norms with the higher norm actually used, there seems 
to be no uniformity throughout the three steps. In 
Step I there is a trend toward decreasing variability 
with each higher norm. In Step IT, according to the 
coefficient of variation, the greatest variability is shown 
for norm 2 in trials and errors, while variability for 
time is practically the same for all of the norms. In 
Step III the coeflicicnl of variation indicates a trend 
toward increasing variability with increasingly higher 
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TABLE 5 

COMPAMSON OF ScOF.ES FOE, THE DIFFERENT NoRMS FOR TRIALS, 
Errors, and Time on the Three Steps of the Basic 
Problem, Showing Percentage of Scores for a 
Given Norm Which Reached or Exceeded 
THE Median of a Lower Norm 


Norm? compared 

Trial? 

Errors 

Time 

1 and 2 

STBP I 

41.25& 

41.2% 

47.1% 

1 and 1 

n.6 

23.5 

29,4 

2 and 3 

17.5 

29.4 

35^3 

1 and 2 

Step 11 
23,S 

29.4 

35.3 

1 and 3 

23.5 

17.5 

29.4 

2 and 3 

35.3 

35,3 

47.1 

1 and 2 

Step III 
29.4 

29.4 

29,4 

1 and 3 

17.6 

17,6 

17,6 

2 and 3 

29.4 

29,4 

29.4 


norms. From this analysis it does not seem that the 
high norm used had any definite influence upon vari- 
ability, 

The factors discussed above are related to the set-up 
of the experiment. There are also a number of factors, 
related to the individual characteristics of the subjects, 
which are of interest in connection with group varia- 
bility. The more important are; differences in age, in 
tameness, in playfulness, in the formation of certain 
stereotyped errors of the position-habit type, in the oc- 
currence of Specific reaction tendencies, in the amount 
of transfer effect from step to step, and in genuine indi- 
vidual differences in ability to learn. 

It might be thought that age differences contributed 
to variability within the group. It is impossible to 
determine just how great these differences were since 
the monheys were obtained from an importer and their 
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exact ages cniild not be known, 'VVeigbt and sex de- 
velopment were used as criteria of MHiile die 

latter criterion was of little use in the case cjf the males, 
it was useful in the case of the females, vScluiltz’s (12, 
Chapter II) estimates seem to indicate that the average 
age of female rhesus monkeys at the time of first men- 
struation is probably about 37 months- Using this as 
a criterion, two of the females, S and T, were approxi- 
mately 31 months old when brought into the laboratory, 
while, at the other extreme, V and W were probably 
about 25 months old. Using the criterion of weight 
as indicated by Schultz’s averages, the ages ranged ap- 
proximately from 18 months (subject V) to 36 months 
(subjects S and T) . It will be noticed that, according 
to the latter criterion, the age range is much greater 
than that indicated by the sex criterion. However, 
since Schultz’s averages represent very few cases, and 
since he states that there arc marked individual differ- 
ences in rate of growth of the macaques, weight can be 
taken only as a very rough indication of age. 

Taking the various factors into consideration, it 
seems fair to assume that the total gniup, when first 
brought into the laboratory, ranged frnm 2+ to 31 
months of age, with an average of 27 months. This 
estimate is supported by the fact that ihc two largest 
monkeys (females) were judged to be approximately 
31 months of age on the basis of sex maturity. Fur- 
thermore, of the six smallest monkeys, all except one 
were females, and, on the basis of sex maturity, no 
female appeared to be less than 25 months of age, Since 
the smallest male was exactly the same weight as the 
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smallest female, one month's difference was allowed 
for this male, thus bringing the lower limit to 24 
months. An age difference of 7 months seems rela- 
tively small when the total life span of approximately 
30 years for the rhesus monkey is taken into account. 
Yet one might expect a real age difference in ability 
to learn since these animals probably had not yet 
reached maturity so far as growth and intelligence arc 
concerned. They were young growing animals, sex- 
ually immature, at the beginning of the experiment. 

However, there is little evidence to show that age 
differences actually had a significant influence upon 
variability of perfornlance on the basic problem. There 
was no significant correlation ( — .27=t.l6) found be- 
tween age (using weight as a criterion) and number of 
trials required to learn the three steps of the basic 
problem. Furthermore, of the two oldest subjects, S 
and T, the former ranked thirteenth and the latter 
fourth with respect to number of trials required to 
learn this problem. The two youngest subjects, B 
and V, ranked sixteenth and seventh respectively with 
regard to number of trials on the basic problem. How- 
ever, the lack of statistical evidence in such a small 
group does not preclude the possibility of a genuine 
age difference in ability to learn. 

Differences in degree of tameness probably did tend 
to increase variability. It was noted in the preceding 
section that such fundamental differences were present 
and could not be eliminated even by giving added at- 
tention to certain subjects. These differences would 
tend to increase variability in a number of ways. In 
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Step I, where the hrst success was Jargely a matter of 
chance, differences in tameness would affect the proba^ 
bility of the monkey's forming an association between 
a chance success in stepping on the plate and obtaining 
the food. Differing degrees of tameness would also 
make for differences in distractibility. Perhaps most 
important of all, lack of tameness or a tendency to shy- 
ness led to conditioning against various parts of the 
apparatus. As was indicated in the protocols, such 
conditioning did occur in the cases of subjects C, E, 
and W. 

A number of other individual characteristics indi- 
cated in the protocols affected variability. A high de- 
gree of frolicsomencss clearly tended to increase the 
scores of some subjects, This was especially true of 
subject A. Perhaps much of the activity of B and R 
could also be classed as playful behavior. Certain 
specific habits, such as those developed by E, F, and G, 
served to increase the length of the training period for 
these monkeys. Subjects 1*1, Y, and Z are examples of 
monkeys which tamed readily, developed no negative 
conditioning or stereotyped errors, exhibited little ex- 
traneous behavior of any kind, and consequently ob- 
tained the three best scores on the basic problem taken 
as a whole. 

It seems probable that certain specific reaction ten- 
dencies peculiar to the individual were of some sig- 
nificance in determining the scores. This would seem 
to be indicated by the fact that there was little con- 
sistency in the relative difficulty of the several steps for 
the various individual subjects. As will be shown later, 
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Step I was, on the whole, more difficult than either 
Steps II or III. Nevertheless, Step I was easier than 
either of the other two steps for subjects B and E. It 
is quite probable these differences in relative difficulty 
are in some measure due to certain reaction tendencies, 
peculiar to the individual, which affect the rate of 
learning on one step more than on another. 

Differences in transfer effects may also have been of 
importance. This factor is connected with the in- 
consistency in the scores of a given subject from step 
to step, and will be discussed in greater detail in con- 
nection with the advanced problem. 

It seems that to some extent the wide differences in 
rate of learning represent real differences in ability to 
learn. However, the lack of consistency in the scores 
of a given animal shows that ability to learn cannot be 
judged on the basis of one step alone. 

Tlie question arises as to the relative difficulty of the 
various steps. The number of trials, errors, and min- 
utes required to learn each step may be taken as in- 
dicative of the difficulty of the step. While the scores 
are too few and too variable to give reliable results, 
there are a few points worth noting. Table 3 shows 
that, based on measures of central tendency for the total 
group, there is on the whole a trend toward a decrease 
in number of errors made and length of time required 
to learn the three successive steps. The opposite trend 
appears to a slight degree for average number of trials, 
while the median number of trials is practically the 
same for Steps II and III. The significance of these 
trends is better shown by a comparison of the scores in 
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TAIJLE 6 

Comparison of Learning Scouks for tiiu Throb Steps of thd 
Basic Problem, Siiowino I’l-RCENTAiiK op Scores for 
One Step Which REACiiiin or Exceeoud the 
Median of a SunSEQUijNT Step 


Sicpa comimreil 

Trialfl 

Urrora 

MiruiicB 

[ and II 

23.5% 

17,67p 

21.5% 

1 and III 

2}.S 


0.0 

11 and III 

58.a 

29.4 

5.9 


the various steps in terms of percentage of overlapping. 
Such a comparison is presented in Table 6, which 
shows much overlapping of scores throughout in num- 
ber of trials and number of errors and also much over- 
lapping of time scores between Steps I and II. There 
is little evidence of any real difference in difficulty 
between Steps 11 and III as measured by number of 
trials or of errors, The median number of trials re- 
quired for Step II was 60 while for Step III it was 
61. As shown by Table 6, 59.8 per cent of the trial 
scores for Step II reached or exceeded the median score 
for Step III. It is true that the median number of 
errors for Step II is greater than for Step III and also 
that only 29.4 per cent of the error scores in Step II 
were as good as, or better than, the median score in Step 
III, However, the fact that the percentage of over- 
lapping of error scores between Steps I and II is ex- 
actly the same as that between Steps I and III seems 
to indicate that the difference between the medians of 
Steps II and III may be due to the smallness of the 
sample and consequent large gaps between the indi- 
vidual scares. The percentages da seem to indicate 
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that Step I was more difficult than either Step II or 
III. 

The only real evidence for a trend toward decreas- 
ing difficulty with each succeeding step as indicated 
by this table is in the case of time scores. It is evident 
that on the whole the monkeys took the longest time to 
learn Step I, less time for Step II, and the least time 
for Step III. This speeding-up of activity from step 
to step probably means that the animals were better 
adjusted to the situation, ran faster, and worked more 
consistently at the task. 

Since there was practically an equal number of males 
and females used in the experiment, it seemed feasible 
to compare the scores of the two sexes. However, the 
small number of cases and their extreme variability 
minimize the value of such a comparison. Table 7 

TAIILE 7 

Comparison of Lrarninc Scones for Males and Females on 
TUB Three Steps or the Basic Proelem, Showing 
Percentage of Males Which Reached or 
Exceeded the Median op the Females 



TrinJs 

Errors 

Minuses 

I 


50.07d 

75,0»/d 

II 

0.0 

25.0 

0,0 

III 

37, s 

25.0 

2S.0 

I, II, and III combined 

25.0 

12.5 

7J.0 


indicates that in Step I the females were superior to 
the males only in number of trials, while in Steps II 
and III they were superior to the males in trials, errors, 
and time. However, when the three steps are com- 
bined, the males showed superiority in time scores. 
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The males were also superior as regards number of 
steps learned since one of the females failed Step III 
while all of the males learned the three steps, 

A modification of the Vincent method was used to 
represent trends in errors and time. To lessen the 
effect of extreme cases, individual raw scores for each 
tenth of the learning period, as represented by number 
of trials to learn, were converted into percentages of the 
total score for a given subject, i.e., if an animal made 
10 errors during the first tenth of the learning period 
and 50 errors during the entire learning process, his 
score would be 20 per cent for the first tenth. The 
composite percentages were then obtained by combin- 
ing the percentage scores for nil of the animals. Table 


TAULE 8 

SiiowiNQ Averaoc Prrcuntaoe Scores is Errors and Time eor 
Each Tenth op thk Lkarninh Piatiou in thk '1'hrku 
Steps of tub lUsic Proiicbm 


Tenliis 

1 

Errors Time 

Step 11 

Errors Time 

Step 

Errors 

ill 

TitnB 

let 


17.11% 

17.21% 

lfi.91% 

XZ.iZ% 

14,4 6^0 

2n(l 


i7M 

14.16 

11.66 

11.45 

11.57 

aril 

UAS 

19.13 

11.72 

n.64 

11.21 


4lh 

9.74 

10.87 


10.72 

U.oo 

10.51 

5fh 

8.B9 

7.5 fi 

11.04 

10.47 

U.97 

9,94 

6lh 

10.11 

7.B2 

B.56 

9.05 

MB 

9.69 

7lh 


7.07 


9.73 

7,21 

7.56 

m 


5.5S 

7.Z4 

7.22 

9.52 

8.20 

9ili 

7M 

4.Z1 

6.02 

4.73 

7.15 

7.(19 

10th 

S.5+ 

2.B4 

S.lZ 

4.B2 

H.69 

9.19 

Tolab 

100.00 

100.00 

IDfXOO 

JOO.QQ 

lOD.no 

100.00 


8 shows that the first point on the error curve for Step 
I would be 13. 15. This means then that on tlic average 
the animals made 13.15 per cent of their errors during 
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the first tenth of the learning period. The final point 
on the same curve would be 5.54, showing that on the 
average only 5,54 per cent of the errors were made dur- 
ing the last tenth. The trends for time were obtained 
in exactly the same manner. In addition to decreas- 
ing the effect of the extreme cases this method of treat- 
ing the data has the advantage of putting all of the 
trends on the same numerical basis and thus making 
them comparable in that sense. 

As shown by Table 8, the error and time trends for 
Step I take the same general form with a rise on the 
second and third tenths and then a fairly consistent 
drop to the end. However, the time trend is the more 
exaggerated of the two, starting at a higher point, tak- 
ing a rise, then a fairly steep drop, and ending at a 
point considerably below the final point of the error 
trend. This difference is due in part and possibly en- 
tirely to the greater length of the failure trials for some 
monkeys at the beginning. In regard to the initial 
rise, an analysis of the individual curves revealed the 
fact that twelve out of the seventeen error curves show 
a rise at either the second or third or both points while 
10 of the 17 time curves show a similar rise. Such a 
rise is to some extent explained in the case of errors by 
the fact that a number of subjects exhibited very little 
activity of any kind at first and later became more 
active. However, this explanation would not affect 
the time trend. This initial rise in the curve would 
seem to relate to the difficulty in forming the habit of 
reacting to plates. In certain cases the first trials 
were successful and required very little time. These 
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trials, however, were followed by a scries of failure or 
very poor trials, indicating that the early successes had 
probably been more or less accidental. 

The trends for Step II differ from those for Step I 
in that there is no initial rise and the time and error 
trends are almost equal as to amount of drop. 

In Step III there appears to be a general flattening 
of all of the trends as well as a greater unevenness. 
Reference to individual scores in Table I shows that 
two animals learned the step in one trial each and a 
third learned in two trials. Thus the individual curves 
for two monkeys are perfectly flat, and that for a third 
appears as a continuous level for the first half and a 
continuous lower level for the second half. The initial 
point is somewhat higlier for the time trend than that 
for the errors trend. This same characteristic appears 
in 9 out of the 16 individual cases. The time trend 
then makes a more rapid descent to the seventh point 
after which it takes an upward turn. This would seem 
to indicate acceleration of activity througli the seventh 
tenth and a slowing-up from that point on. 

Activity Scores 

The activity data involve a variety of scores which to 
some extent afford a quantitative description of the 
behavior of the monkeys during the learning process; 
(1) those scores which were obtained directly from 
the original data; (2) those scores which were com- 
puted from the original time and activity scores; and 
(3) those scores which were obtained by analyzing the 
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errors into various classes, It will be convenient to 
discuss these three groups separately. 

The first group includes the number of plates de- 
pressed and the number of c|uadrants traversed. The 
total score for number of plates depressed for a given 
monkey on each step was obtained directly from the 
records by counting the total number of reactions to 
plates for that individual. This score was largely a 
measure of the amount of activity directed toward the 
plates in contrast to general activity. The number of 
quadrants traversed was also obtained directly from 
the records. As indicated in the section on procedure, 
the reaction compartment was regarded as being di- 
vided into quadrants. A record was made of the path 
taken by the subject throughout each trial in terms of 
these quadrants. The number of quadrants, then, was 
obtained by counting the number of quadrants the 
monkey actually traversed, as shown by the records. 
This score was, therefore, a rough measure of the 
total distance traveled by the animal. These original 
activity scores are fairly closely related to the learning 
scores and are definitely affected by the length of the 
learning period. For example, if an animal took a 
very long time to learn he would presumably touch off 
more plates and traverse more quadrants than if he 
learned very quickly. This would be true in cases 
where the animals worked consistently at the problem. 
However, it is not so true on Step I since some of the 
animals were very Inactive at the beginning. 

The original activity scores for the individual ani- 
mals on the three steps are shown in the second and 
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third columns oi Table 9. The corresponding meas- 
ures of central tendency and of variability are pre- 

TAIJLE 9 

Results of Uasic Proui.em Siiovino Inuivipual Aenvnv 

ScoMis 


Animnh 

IMnica 

tlcprcBsed 

QiindriiniB ClundraiUti 
Irnvcricd per 

plare 

IMqicn 

per 

minifrc 

Qundrtinii 

per 

inifUKc 



Step 

I 



A 

357 

625 

1.75 

6.03 

11.95 

B 

22'^ 

53+ 

2JS 

+.0J 

11.46 

C 

25fi 

1238 

4,84 


2.03 

v> 

233 

U97 

7.20 

.30 

2,18 

E 

337 

H35 

4.2C 

2,10 

0.92 

P 

51 

•\2E 

0.19 

.30 

2.53 

G 


797 

5.39 

.70 

3.70 

11 

17 

62 

3.65 

.60 

2.48 

FcmtiJej 

R 

213 

450 

1.62 

•1.72 

7.65 

8 

171 

592 

3.46 

.56 

1.92 

1’ 

31 

815 

26.29 

.05 

1.26 

IJ 

31 

709 

22.07 

.03 

.73 

V 

m 

737 

5.94 

.23 

1.38 

w 

IS2 

97+ 

5.35 

.40 

2.15 

X 

75 

376 

5.01 

.20 

1.41 

Y 

19 

6f} 

XIO 

.2+ 

•7$ 

z 

M ales 

21 

30 

Step 

1.43 

11 

1.17 

1.68 

A 

1555 

2744 

U76 

15.64 

27.60 

n 

(OflJ 

1543 

1.54 

9.00 

13.85 

a 

IH 

220 

IJO 

5.37 

6.96 

D 

H59 

3440 

2.36 

7-16 

16.89 

!■:« 

1805 

VIM 

1,79 

15.93 

28.58 

pt 

10^1 

2065 

1.90 

6.95 

11.70 

(5 

225 

520 

2.33 

4.03 

11.27 

11 

m 

190 

1.16 

5.35 

6.19 

I'cmalfJ 

U 

279 

438 

1.57 

14,67 

23.03 

S 

1B4 

301 

1.6+ 

1,97 

3.22 

r 

23 

39 

1.70 

1.21 

2.05 


5d 

79 

1.41 

2.13 

3.43 

V 

uz 

221 

1.97 

4.75 

9.30 

\v 

1SZ5 

24 Cl 

1.61 

16.H(I 

27.1 1 


m\ 

270 

1.50 

3.24 

4.06 

V 

V 

58 

1.57 

.57 

.90 

7, 

75 

B7 

i-ir. 

5.19 

6.37 

*500 iriflla omiucil, 
1715 irialfl omiiicd. 

See pn^c 434- 
See pngc 434 . 
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TABLE 9 {continued) 


A mm ah 

Plates 

depressed 

Qxiadraiita 

traversed 

Qviadrnnts 

per 

plate 

Plates 

per 

minute 

Quadrants 

per 

minute 

A f (if cl 

A 

H6 

Step III 

547 1.49 

28.59 

42,73 

B 

79SS 

13732 

1.73 

15.70 

27.24 

G 

3 

a 

1.00 

25.00 

25.00 

D 

24G 

422 

t.72 

12.60 

21.61 

E 


1B53 

1.36 

23.56 

32.03 

F 

316 

491 

1.55 

8.62 

13.39 

G 

440 

65B 

1.50 

26.62 

39, B1 

II 

7S 

91 

1.21 

14.15 

17.17 

Fcmohi 

R 

S 

Failed 

2620 

3693 

1.41 

19.07 

26.BB 

T 

31 

35 

M3 

6.46 

7.29 

U 

3 

3 

1.00 

17.65 

17.6S 

V 

Hi 

UO 

1.29 

40.21 

51.09 

W 

1082 

1557 

1.4+ 

32.99 

47.47 

X 

517 

&7S 

1.31 

a. 40 

10.97 

Y 

49 

65 

1.33 

3.62 

4.B0 

Z 

7 

10 

1.43 

12.07 

17,24 


seated in Table 10. The scores are shown separately 
for the males and females and for the total group. 
The medians and averages indicate consistent increases 
from step to step in the number of plates depressed. 
This might be expected because of the increase in the 
number of plates involved in the solution of succeeding 
steps. A similar trend appears in the average but not 
in the median number of quadrants traversed. The 
fact that the median number of quadrants is largest for 
Step I while the median number of plates is smallest 
on this step indicates that there was a large amount of 
activity not directed toward the plates. This is prob- 
ably indicative of the difficulty of the initial learning 
to react to plates. 

The measures of variability indicate mailted indi- 
vidual differences in the number of plates touched and 
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Showing Mel^sures of Cektral Tenpencv and Variability for Number of Plates 
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the number of quadrants traversed. These differences 
agree fairly closely with corresponding differences in 
the learning scores (Table 3). The same factors 
which contributed to vaTiations from individua] to in- 
dividual in learning scores would seem to be involved 
here, These factors have already been discussed in 
some detail in connection with the learning scores, 

A modified Vincent method (see page 4S2) was used 
to represent trends in number of plates touched and 
number of quadrants traversed. As shown by Table 
11, for the most part these trends are of the descending 

TABLE 11 

Showing Average Percentage Scores fob Number of Plates 
Depressed and Number of Quadrants Traversed for 
Each Tenth of the Learning Period on the 
Three Steps of the Basic Problem 


Tenths 

Plates 

Step I 
Qiindrnnta 

Step II 

Plates Qiindranta 

step III 

Plates Quadratita 

iBt 

SM% 

10.1 9fo 

15.03% 

13.38% 

10.41% 

10.56% 

2nd 

4.79 

10.03 

11.84 

12.56 

10.48 

10.7B 

3ril 

6.84 

12.48 

10.26 

ii.4(; 

10.26 

10.69 

4th 

H.97 

10.70 

9.4fi 

10.05 

10.13 

10,64 

5lh 

9.70 

9.71 

9.79 

10.34 

10.69 

10.45 

6th 

11.10 

11.51 

B.B9 

9,26 

10.15 

9.77 

7th 

11.19 

9.94 

9.00 

9.77 

9.0B 

8.95 

Bth 

12.37 

9.49 

B.37 

B.07 

9.B4 

9.91 

9tli 

13.42 

B.70 

B.92 

7.B7 

9.19 

0.97 

lOlh 

Ii-90 

7.25 

B,44 

7.04 

9.77 

9.2S 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 


type. The one striking exception is the trend for num- 
ber of plates depressed on Step I, which is of the as- 
cending type. This shows a steady rise in the tendency 
to react to plates on this step. The fact that the cor- 
responding curves on succeeding steps arc of the 
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descending type indicates that the monkeys had ac- 
quired the habit of reacting to plates by the completion 
of Step I and that on succeeding steps the task became 
more definitely the selection of the correct plates in 
the correct order. 

The second group of scores (computed scores) in- 
cludes the number of quadrants traversed per number 
of pJates depressed, the number of plates depressed per 
minute, and the number of quadrants traversed per 
minute. The quadrant-plate ratio was obtained for 
each individual on a given step by dividing the total 
number of quadrants traversed by the total number of 
plates depressed by that animal. It should be pointed 
out that a perfect score in number of quadrants per 
plate would be 1.00, i.c., in making a perfect trial on 
Step I the subject would touch oflf one plate and tra- 
verse one quadrant; on Step II he would depress two 
plates and traverse two quadrants, etc, Thus the 
quadrant-plate relationship for a perfect trial on any 
step would be a one-tO'Oiic ratio. This ratio gives a 
fairly accurate measure of the proportion of activity 
which was directed toward the plates, Obviously the 
proportion might be the same for a subject which 
required few trials to learn as for one whicii required 
a great many trials. For example, a monkey which 
learned a given step in 25 trials might by playfully 
running around in tlic box or skipping plates on some 
of the trials make a very high (poor) quadrant-plate 
score, Another monkey which recjiiired 250 trials 
might be, on the average, equally playful and skip 
about the same pioportion of plates tinis making his 
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quadrant-plate score practically the same as that of the 
monkey which learned in 25 trials. 

The number of plates depressed per minute was ob- 
tained by dividing the total number of plates depressed 
by a given subject during training on a step by the total 
number of minutes required to learn the step. These 
scores represent, to a large degree, speed of activity and 
will be referred to frequently in this way. They, like 
the quadrant-plate ratio, are relatively independent of 
the rate of learning and might conceivably be identical 
for two monkeys one of which required many trials to 
learn and the other very few. For example, a monkey 
which learned a step in 20 trials might run at the same 
rate of speed as one which required 200 trials to learn 
it. It would seem that these computed scores give 
some indication of the adjustment of the animal to the 
problem situation. An animal which was well adjusted 
to the problem would tend to work consistently at the 
plates and thus obtain a reiafiveiy good quadranC-per- 
plate score. Likewise, as the animals became well 
adjusted they also became more active, thus tending 
to increase their speed-of-activity scores. 

The scores for this second group (computed scores) 
for the individual monkeys are presented in the fourth, 
fifth, and sixth columns of Table 9. The correspond- 
ing measures of central tendency and of variability ap- 
pear in Table 12. The measures of central tendency 
indicate a marked improvement in the quadrant-plate 
ratio from step to step, while the measures of varia- 
bility show striking decreases in differences within the 
group. The wide range on Step I was probably due, 
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in small part, to the cliancc factor, which a/Tects this 
step more than later steps, and in larger part to the 
cli/Ilciilty in learning to react to plates. With the 
learning of iStcp I this type of reaction was fairly well 
established for all subjects and consequently the differ* 
enccs from individual to individual with respect to the 
quadrant-plate scores were less on succeeding steps. 

The measures of central tendency for speed-of-ac- 
tivity scores indicate large increases in the scores from 
step to step while the coeflicients of variation show a 
trend toward decreasing variability. Thus the group 
as a whole shows a speed ing-up of plate and quadrant 
activity and at the same time the variability within the 
group shows a decrease with each succeeding step. 

A comparison of the computed activity scores for the 
several steps is shown in Table 13. On the whole, the 
table shows relatively little overlapping of the scores 
from step to step. This would seem to indicate that 
the superiority of the median scores on each succeeding 
step is of some significance. The greatest amount of 
overlapping appears between Steps II and III for 


TAHLE 13 

COMI'AtUSOK OP CO.MI'UTEIJ AcTIVITV ScOllES ON Tllf! TlIREE 

Stkps of Till; Uasic Probli'M, Showing Puhcentagu op 
Scores on One Step Which Reached or Exceedi'D 
THE Median of a Suoseouf-Nt Step 


Slcps compnred QurKlraniii I'lnu'H QiiTKlrniU;) 

per pfnlti |icr minuic per niiiuilc 

V)% ll.B% 

0.0 0.(1 0.0 

17.C 0.0 17.G 


I nnd II 
1 niui III 
U and III 
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quadrants per plate and quadrants per minute. There 
is less overlapping between Steps I and II, The im- 
provement in the quadrant-plate ratio together with 
the speeding-up of activity indicates better adjustment 
to the problem situation and a more consistent working 
at the task from, step to step. 

Some rather interesting differences were found be- 
tween the males and females of the experimental group 
with regard to the activity scores. The percentages 
shown in Table 14 Indicate that, while there is a con- 

TADLE 14 

Comparison of Computed Activity Scores for Males and 
Females on the Three Steps of the Basic Prodlem, 
Showing Percentage of Females Which Reached 
OR Exceeded the Median of the Males 


Steps 

Quailrniita 
per pintc 

rlntoa 
per minute 

Quad rants 
per minuto 

I 


22.2% 

11.1% 

II 

8B.9 

22.2 

22.2 

III 

100.0 

25.0 

37,S 

Ij 11, and 111 combined 

62.5 

25 .t) 

25.0 


sidcrablc overlapping of scores, as a group the males 
were consistently superior to the females with regard 
to the rate of touching plates and traversing quadrants. 
This bears out the observation that, on the whole, the 
males were more active than the females. On the other 
hand, with the exception of Step I, the females were 
definitely superior with regard to the quadrant-plate 
ratio. In this connection it will be remembered that 
the females also were found to be superior to the males 
in trial and error scores on the basic problem (Table 
7). Thus it appears that, in general, the females 
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worked more slowJy but more efliciently than the males 
on the basic problem. 

The data for the spced-of-activity curves on the three 
steps arc presented in 7’able J5. These trends were 


TAJILE 1.5 

Showjng Avrraoi! Nu.MDiiR OF Platks i'er Minute a.sd Quad- 
rants PER 1\Jinute for Each Tenth of the Learn- 
ing Period on tub Three Steps of the 
Dasic Phoulbai 


Tenlhi 

Sieji 1 

Finlca Qundraiils 
per per 

mlnulc miniiic 

Sicp 

Pinies 

per 

ifiimilc 

II 

Quadrunls 

per 

iiiinulc 

Slcp III 

IMaics (lundrnrUs 
per per 

iniiinlc Diiiiuie 

Ut 

,5+ 

2.87 

£.22 

9,94 

17.41 

22.44 

2nd 

J,9+ 

4,43 

7.90 

11.91 

18.92 

24.93 

3ril 

.97 

3,05 

8.(9 

14.25 

19.37 

26.B1 

4th 

2.00 

4.74 

8.5+ 

13.65 

20.79 

28.95 

5lb 

3.53 

6.B9 

10.52 

16.59 

21.31 

2B.39 

£lh 

3.‘14 

7,43 

lO.U 

{CM 

24.0 B 

31.60 

7th 

3.99 

a.i3 

9.+! 

15.41 

27,48 

35.03 

Slh 

4.37 

7,91 

9.90 

15,J3 

2+,7C 

J2.59 

9th 

7.7B 

12,03 

11.91 

20.51 

20.59 

33.67 

lOlh 

H.7H 

14.31 

15.79 

21.60 

23.97 

30.31 


obtained by the regular Vincent metJiod. The modi- 
fied form was not used since the totals of these measures 
have no significance anti the conversion of the raw 
scores into percentages of a meaningless quantity could 
scarcely be justified. Inspection of the table reveals 
the fact that the data readily fall into two continuous 
and almost parallel curves for the three steps, The 
curves for plates per minute and quadrants per minute 
thus shown would appear as ascending curves with a 
drop at the beginning of htep 11 to a point slightly 
below the ninth segment of Step I, but a coiitiiuioiis 
ascent at the beginning of Step III, TJic peak for 
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both curves is reached on the seventh tenth of Step HI. 
Reference to individual scores in Table 9 shows that 
the increase in activity from step to step is highly rep- 
resentative of the group since in every casCj with one 
exception, the score rises on each succeeding step. 

The third general group of activity scores consisted 
of analysis scores, those scores which were obtained by 
analyzing the errors into various types or classes. A 
classification of the various types of errors was made 
in the light of observed behavior and a careful study 
of the records obtained. The classification used was 
as follows : 

Omissions of plates 1 , 2, and 3; <wrong plates 1, 2, 3. 
The general rule throughout was to classify an error 
as ail omission only when a single plate was omitted, 
the preceding plate and succeeding plate in the series 
having been touched, For example, in Step III if 
plate 1 was passed and plate 2 touched, the error was 
recorded as an omission of plate 1. However, if plates 
1 and 2 were both passed and plate 3 touched, the error 
was recorded as wrong plate 3. Obviously in Step I 
there would be no omissions of plates 2 or 3 since these 
plates were not used in a correct solution of the prob- 
lem. Likewise, there would be no errors of wrong 
plate 1. In Step II there would be no omissions of 
plate 3. 

Wrong direction. Both starting the trial in the 
wrong direction and approaching the right plate from 
the wrong direction were included under this classifi- 
cation. 
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Irregular course. This classificatioti included zig- 
zagging back and forth in the apparatus which did not 
fall under any of the previous classes. This type of 
error was counted only once in a given trial. 

Climbiiiff. Climbing was counted only once for a 
single trial. I'lic amount of time spent in climbing 
was the significant factor rather than the number of 
times climbing was resorted to. Unfortunately it was 
not possible to keep a time record on this. 

Entrance door. This included going to or working 
at the entrance door. 

Inner door, This included going to or working at 
the door to the incentive compartment. 

Around, This refers to going around the incentive 
compartment without touching plates. 

Running beyond. Running beyond means continu- 
ing to run around the box or to work at plates instead 
of stopping or running directly to the door when the 
last plate was touched. 

Miscellaneous. This classification included mostly 
reactions which were extremely slow, and various in- 
cidental habits which were developed by certain sub- 
jects, such as reaching to the top of the cage instead of 
stepping on the plate, straddling the plate with all fours 
and then pivoting around it, jumping backwards in the 
direction of the plate and missing it, and touching the 
plate too lightly to depress it. 

The errors were tabulated under these various classes 
for each monkey on each of the three steps. The num- 
ber of errors for each class was then converted into a 
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percentage of the total number of errors made by the 
aaima.1 oi\ the step. Thus, if on Step X a given, mon- 
key made 200 errors altogether and 10 of these errors 
were classified under wrong plate 2, then his score for 
wrong plate 2 would be 5 per cent. This would indi- 
cate that 5 per cent of the errors made by this subject 
were of the wrong-plate-2 type. When all of the in- 
dividual scores had been computed they were combined 
and averaged to obtain the figures for Table 16. The 

TABLE 16 

Types of Errors, Showing the Distribution of Each 
ON THE Three Basic Steps 


Types of errors 

Step I 

Step II 

Step III 

Omission of pliitca: 

PIntc 1 

,91% 

11.00% 

i9.ao% 

PInte 2 

.00 

2.99 

8.74 

PliiCc 3 

.00 

.00 

3.63 

Wrong plates: 

Plate 1 

.00 

IB.ll 

14.07 

Plate 2 

3.12 

4.26 

9.49 

VUXt ^ 

(.Ai 

u.ot 

U>14 

Wrong tlirection 

12.9S 

fl.79 

B.55 

Irregular course 
CllmUiiie 

12.62 

7.15 

3.82 

10.21 

5.fiS 

3.45 

Entrance door 

12,4+ 

E.12 

2.90 

Inner door 

15.59 

B.ll 

7.36 

Going around: 

Counterclockwise 

2,59 

1.95 

2.55 

Clackvviae 

3.36 

,36 

.26 

Running beyond 

.91 

1.30 

.05 

MiBccilaneona 

18.37 

10.00 

4.17 

Total 

100.00 

100.00 

100.00 


score .91 for Step I in the first array indicates, there- 
fore, that on the average only .91 per cent of the errors 
made by the monkey were of the type classified as omis- 
sions of plate 1 . 
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The table shows that in each sueccedinjr step there 
is a tendency for the percentage of errors having to do 
with the plates to increase and the percentage of ex- 
traneous errors to decrease. This might be expected 
since with each Step one or more classes of errors con- 
cerned with plates are added. However, this trend 
appears in the individual classes of omissions of plate 1, 
wrong plate 2, and omissions of plate 2. There is a 
decided increase in the proportion of wrong-plate-3 
errors from Step I to Step II followed by a very slight 
decrease for Step III, Errors of wrong direction 
would necessarily be classified between the two groups 
since, as indicated by the description above, a part of 
these errors were wrong reactions to plates and a part 
were not. Here as in the extraneous errors there is a 
descending trend from step to step. 

It will be noticed that the three types of errors having 
the highest percentage frequencies for Step I are: mis- 
cellaneous, inner door, and wrong direction. For Step 
II they are: wrong plate 1, wrong plate 3, and omis- 
sion of plate 1 ; and for Step III the same three classes 
but in the order; omission of plate I, wrong plate I, 
and Wrong plate 3, 

Table 17 presents the distribution of the various 
types of errors throughout the learning periods of Steps 
I, II, and III. To obtain these data, the individual 
records were first made up by finding separate totals 
for the various classes of errors for each tenth of the 
learning period. These sums were converted into 
percentages of the individual's total errors for the re- 
spective tenths. These percentages were then com- 
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bined and averaged for the group. Thus, the first 
number in the table, .24, means that, during the first 
tenth of the learning period, on the average .24 per 
cent of the errors made by the monheys were omissions 
of plate 1. 

The table indicates that, in general, on Step I errors 
concerned with reactions to plates tend to increase in 
relative frequency, as do errors of irregular course, 
running beyond, and miscellaneous errors. On the 
other hand, errors of climbing, working at the doors, 
and going around the food compartment without 
touching the plates tended to decrease in relative fre- 
quency as learning progressed. 

The data for Step II indicate upward trends for 
omissions of plate 1, wrong plate 2, wrong plate 3, 
wrong direction, going around counterclockwise, run- 
ning beyond, and miscellaneous errors, while down- 
ward trends are shown for wrong plate 1, irregular 
course, and running to the entrance door. The most 
striking trends are exhibited in regard to decreasing 
reactions to plate 1. This is shown by the consistent 
decrease in the relative percentage of wrong reactions 
to plate 1 and by the consistent increase in the relative 
percentage of omissions of plate 1. As was indicated 
by Table 16, wrong plate 1 and omissions of plate 1 
were both important types of errors in Step II, ranking 
first and third respectively in percentage frequency. 
In terms of behavior, then, the records indicate that, at 
the beginning of the learning period there was a strong 
tendency to work repeatedly at plate 1, in other words, 
to repeat the habit which was successful on the first 
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sfep. The tendency gradually diminished while there 
was built up the tendency to omit plate 1 entirely and 
run directly to plate 2. There is also a rising trend in 
wrong reactions to plate 3, Thus in the learning of 
Step II there appears to be an increasing emphasis on 
plates 2 and 3 at the expense of reactions to plate 1. 

As might be expected, in Step III the jiiost pro- 
nounced ascending trend occurs for wrong reactions to 
plate 3. Omissions of plates 1 and 2 also show ascend- 
ing trends although quite irregular. The trend for 
wrong reactions to plate I is almost the converse of 
that for omissions of plate 1 showing a steep drop to the 
third point, then a slight rise, another drop at the sixth 
point, and then a gradual rise to the end. So far as 
reactions to plates are concerned, then, there is an in- 
creasing tendency to react to plate 3 and possibly to 
plate 2, and a decreasing tendency to react to plate 1. 
Again, as in Step II, there is an increasing tendency to 
run directly to plate 2, omitting plate 1, a decreasing 
tendency to return to plate 1 after it has once been de- 
pressed, and an increasing tendency to react to plate 3 
directly or before the other plates have been depressed 
in order. 

Since the predominance of certain types of errors 
and the absence of certain others might be closely re- 
lated to the rate of learning, a comparison was made of 
the types of errors for two extreme groups, Table 18 
presents average percentages for the dilTerenl types of 
errors made by the four best subjects in comparison 
with averages of the four poorest subjects for each of 
the three basic steps. The subjects were selected on 
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TABLE 18 

Comparison of Extreme Groups, Showing DiSTninuTioN of 
THE Various Types of Errors on the Three 
Basic Steps 


Types of errors Step 1 Step H Step HI 

Superior Infcrlar Superior Inferior Superior Inferior 


Omiasinn of plates: 


Plate 1 

.47% 

.«% 

. 009^1 

23.59% 

6.01% 

35,58% 

Plate 2 

.00 

.00 

3.96 

2.66 

9.37 

7,7S 

Plate a 

.00 

.00 

.00 

.00 

.00 

2.96 

Wrong plates: 

Plate 1 

,00 

.00 

29.3 8 

6.56 

7.B0 

16.81 

Plate 2 

1.30 

1,44 

.3 6 

6.91 

15.18 

3.1B 

Plate 3 

5.61 

3.11 

a.a4 

16.22 

10.29 

11.58 

Wrong direction 

4.73 

18.99 

l.&l 

11.72 

10,51 

2.1S 

Irregular course 

5.46 

20.E1 

6.33 

7.B3 

B.3] 

2.17 

Climliing 

a.iii 

15.B3 

6.66 

2.67 

5.36 

3.31 

Entrance door 

15.74 

12.08 

15.26 

3.72 

M 

3.29 

Inner door 

2B.34 

9.54 

11.64 

6.90 

16.86 

5.43 

Going around: 

Counterclockwise 

LOl 

2.64 

.00 

5.35 

.86 

2.80 

Ciockwise 

1.49 

3M 


1.10 

.00 

.01 

Running beyond 

3.09 

.00 

.00 

2.54 

.00 

.03 

Mi.iccllancoua 

22.60 

li.76 

15.63 

2,23 

8.57 

2.95 

Total 

100. 00 

100.00 

100.00 

100.00 

100.00 

100.00 


the basis of number of trials to learn and not on the 
basis of number of errors. On Step II subject E made 
the poorest record and subject F fifth from the poor- 
est, However, since neither of these was a representa- 
tive case, due to their having been allowed to continue 
fixed habits over a long period of time, they were ex- 
cluded from this comparison and subject B, which held 
the sixth place from the end, was used. Even with this 
shift, there was still a very large gap between the two 
groups. The number of trials for the poorest of the 
superior group was 15 and that for the best of the 
inferior group was 285. In Step III the two best 
inonlieys were excluded because they made no errors at 
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all. Thus it was necessary to use the subjects ranking 
fifth and sixth. Nevertheless, the gap between the two 
groups was from 17 to 2.14 trials. 

Tabic 18 shows that for Step I the error of running 
to or working at tlie inner door ranks first, and mis- 
cellaneous errors second, in average percentage distri- 
bution for the superior group. On the other hand, 
these errors take sixth and fifth places, respectively, 
for the inferior group. Errors of irregular course and 
wrong direction rank first and second respectively for 
the latter group, while for the superior group they rank 
sixth and seventh in relative frequency. That all four 
types of errors were relatively difliciilt to eliminate is 
indicated in Table 17 by rising trends. 

It is not improbable that running to or working at 
the inner door, and miscellaneous errors, represent a 
more definite attack on the problem than irregular 
course and wrong direction. The latter may represent 
merely running around in the box 

On Step II one striking difFcrcncc in the behavior of 
the two groups had to do witit reactions to plate 1. The 
poorer learners were Inclined to omit this plate and run 
directly to plate 2, while the better learners never 
omitted plate 1 but frequently repeated the reaction to 
plate I before going to plate 2. 

Again on Step III the error of omitting plate 1 was 
of first importance for the inferior group, but relatively 
unimportant for the siiperir)r group. Table 17 also 
Indicates that the omission of plate I was a troublesome 
error. The ascending trends which it displays for hoth 
Steps II and III indicate that it was one of the most 
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difficult to eliminate. The error of wrong plate 2, 
which in Step III shows the highest average percentage 
for the better group, is well toward the end of the list 
for the poorer group. This error, which consisted to a 
large extent in repeating plate 2 after it had once been 
touched, was evidently less serious since it showed little 
tendency to increase in relative frequency throughout 
the learning period. 

It seems probable that to some extent the relative 
frequencies of certain types of errors were due to speci- 
fic reaction tendencies peculiar to the individual mon- 
keys. However, there is nothing conclusive in the data 
to support this. Nevertheless, it is evident that the 
predominating types of errors do differ for the two 
extreme groups. While the cases are too few to draw 
any definite conclusions, they suggest that the predomi- 
nating types of errors may be of considerable sig- 
nificance. 

Summary 

1. The study involved testing seventeen young 
rhesus monkeys in the Jenkins problem apparatus, 
which provides tasks of increasing complexity, with- 
out changing the type of motor response. The basic 
problem consisted of a series of three steps of increas- 
ing complexity, 

2. All of the subjects met the required norm of 
mastery (nine perfect trials out of ten) on Steps I and 
II and all except one on Step III. 

I. The learning scores (trials, errors, time) and 
also the original activity scores (plates depressed, quad- 



478 


HAimiRTT ANDBRSOK FJBLt) 


rants traversed) were found to be extremely variable 
for the individual, and from step to step. This varia- 
bility seemed to be due in the main to differences in 
tameness, in playfulness^ in the formation of certain 
stereotyped errors of the position-habit type, in the oc- 
currence of sped/ic reaction tendencies, in t|ie .unount 
of transfer effect from one step to another, and in 
genuine individual differences in ability to learn, 

4. Step I was clearly more difficult than either 
Steps 11 or III, as shown by the median scores in trials, 
errors, and time. Steps II and III appeared to be 
about equally difficult in terms of the same criteria. 
However, the individual records did not show perfect 
consistency throughout. 

5. No very definite indication of sex differences was 
evident. Since one female failed to learn Step III 
and all of the males learned it, the males might he 
said to be superior. Furthermore, the males were 
more active as shown by the speed-of-activity scores 
(plates per minute, quadrants per minute). However, 
on the whole, the females made lower scores in trials 
and errors and in the quadrant-plate ratio. 

6. Group learning curves were computed by a 
modification of the Vincent method. These curves 
(error, time) were typical learning curves, except that 
each of the curves for Step I shows an initial rise 
which may be associated witli the first establishment 
of the habit of reacting to plates, 

7. A progressive improvement in adjustment to the 
problem situation from step to step was indicntccl by 




IV 

THE ADVANCE]) PROBLEM 


The ftdvaticcd problem has already been desciihcd 
in a previous section on procedure and, as indicated, 
was a continuation of pattern behavior beyond the 
basic problem. It involved twenty steps, beginniny; 
with Step IV and ending with Step XXIIL As pre- 
viously indicated, each subject was trained on a given 
step until he readied the required norm of mastery 
(nine perfect trials out of ten) and then was trans- 
ferred to the next step. Each subject was advanced to 
successive steps until he reached his limit in ability to 
learn, i.e., failed to learn according to one of the 
criteria indicated in the section on procedure. The 
results presented will include learning and activity 
scores. 

LKiMiNiNd Samiis 

The individual learning scores made by the thirteen 
monkeys on the various steps of the advanced problem 
are presented in Table 19. The measures of central 
tendency and of variability arc shown in Tabic 20. The 
number of animals included in the data decreases step 
by step, as the monkeys failed to learn. Only the 
scores for those monkeys which learned a given step 
are included in the data for that step. Due to the de- 
creasing number of subjects, the group data become 
less reliable as the problem becomes more complex. 

Here, as in the basic problem, the incdian may be 
taken as a better measure of central tendency than the 

[4R0] 
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TABLE 19 

Results of Advanced Problem Showing Individual Learning 

Scores 


Animals 

Total 

Trials 

Failure 

Perfect 

Errors, 

total 

Minutes, 

total 



Step 

IV 



Males 

A 

245 

19 

25 

1496 

159.48 

1) 

C 

D 

8+ 

Failed 

Failed 

2 

23 

326 

35.02 

E 

140 

18 

54 

831 

107,13 

P 

292 

5 

90 

2000 

159.93 

G 

57 

6 

6 

371 

41.78 

Females 

S 

T 

Failed 

Failed 





U 

1H76 

56 

79 

6027 

713.00 

V 

264 

27 

61 

IBSl 

21B,28 

w 

1174 

4 

las 

50+5 

342.05 

X 

4+ 

0 

Step 

12 

V 

94 

14,55 

Males 

A 

108 

0 

41 

175 

27.27 

n 

329 

0 

94 

890 

89.2B 

E 

89 

4 

17 

437 

50.05 

F 

91 

0 

37 

225 

20.77 

G 

225 

4 

43 

779 

B0.50 

Females 

U 

Failed 





V 

W 

23 5 
Failed 

1 

46 

1015 

111.62 

X 

24 

1 

Step 

6 

VI 

106 

13.23 

Males 

A 

165 

5 

22 

4H6 

62.50 

B 

6+ 

0 

4 

219 

16.27 

E 

52 

0 

13 

167 

24. IB 

F 

215 

0 

S3 

405 

46.15 

G 

n 

0 

3 

10 

2.13 

Females 

V 

288 

1 

100 

865 

B6,7Z 

X 

257 

2 

Step 

76 

VII 

737 

111,B8 

Males 

A 

230 

0 

B3 

291 

48.97 

B 

52 

0 

1 + 

111 

H.J2 

E 

327 

2 

83 

Sll 

163. B2 

F 

Ci 

78 

Failed 

0 

41 

109 

21.67 

Fcinnlcs 

V 

17 

0 

1 

35 

3,00 

X 

200 

1 

90 

las 

55,42 
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TAHLE 19 {continued) 



Telia 1 

Triplji 

Failure 

Fcrfcci 

Errors, 

Loul 

Miniiiei, 

loinl 



iirJBI* ' 

Via 



MbIca 

A 

10 

0 

3 

15 

1.35 

11 

2fi£ 

0 

99 

as9 

84.18 

K 

312 

10 

27 

nio 

171.80 

F 

14 

0 

a 

J7 

5.90 

Fcmnlcfl 

V 

IH 

1 

22 

HI 

jl.08 

X 

15B 

1 

ST£r 

36 

IX 

3ij 

6S.S5 

Males 

A 

HO 

0 

78 

U3 

22.90 

n 

100 

0 

17 

342 

32.03 

E 

626 

0 

31 

3381) 

219.77 

F 

fl4 

0 

29 

111 

19.08 

Fcmulei 

V 

X 

161 

Failed 

0 

SrEi* 

40 

X 

350 

39.05 

MnLei 

A 

147 

0 

42 

309 

38.57 

U 

HO 

0 

64 

1802 

172.17 

E 

r 

F«?led 

1 

42 

267 

41.97 

FemnlcB 

V 

no 

Q 

Srai* 

12 

XI 

mt-i 

61.62 

Males 

A 

64 

0 

21 

73 

10.12 

U 

155 

0 

25 

496 

56.92 

£ 

R3 

0 

12 

256 

27.85 

Females 

V 

125 

1 

Step 

25 

xa 

412 

56.38 

Males 

A 

153 

0 

44 

183 

33.87 

n 

30B 

3 

103 

1341 

154.55 

E 

35R 

0 

106 

1312 

148.12 

FcmnleB 

V 

629 

0 74 

Step XIII 

1991 

250.42 

Mnlea 

A 

B Ac E 

9 

Fnllcil 

0 

3 

10 

1.57 

Females 

V 

164 

0 

21 

404 

42.65 
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TABLE 19 {cQntinned) 


Animals 

Total 

Trials 

Pfiikirc Perfect 

Errors, 

total 

Minutesj 

total 



STHr XIV 



Males 

A 

215 

0 4+ 

2B7 

46.23 

Fcmnlds 

V 

FrtiVed 

Step XV 



Males 

A 

15i 

0 S'T 

Step XVI 

203 

36.00 

A 

140 

0 50 

Step XVII . 

137 

29.73 

A 

m 

0 

3t£P XVJJI 

827 

m,io 

A 

59 

0 17 

Step XIX 

139 

18.67 

A 

57 

0 24 

Step XX 

87 

17.13 

A 

455 

7 104 

Step XXI 

2174 

216.93 

A 

41 

0 13 

Step XXII 

86 

12.10 

A 

A 

116 

Failed 

3 51 

Step XXIII 

270 

42.60 


average, On the whole, the medians are somewhat 
smaller than the averages, showing that the extreme 
scores tend to be at the upper end of the range. Due 
to the small number of cases and the wide spread of 
the scores, the range and the quartile deviation are 
of greater significance than any of the other measures. 
The ranges and quartile deviations indicate great vari- 
ability in the performance of the group on all of the 
steps, 

The results obtained on Step IV arc in general some- 
what different from those obtained on the higher steps. 
For this reason the data on this step will be discussed 
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Showing Measures of Central Tendency and Variabiliti:' for Trials, Errors, 
Minutes, in the Various Steps of the Advanced Problem* 
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Range Quartile Average Standard Caeificieot 
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more or less separately. As shown by Table 20, the 
individual trial scores on Step IV ranged from 44 to 
1876, errors from 94 to 6027, and time from 14.55 to 
713,00 minutes. However, this spread would be great- 
ly reduced (trials 44 to 292, errors 94 to 2000, time 
14,55 to 21B.28) by the elimination of two extreme 
cases, subjects U and W. In both of these cases learn- 
ing was retarded because of stereotyped errors of the 
position-habit type which were very diflicult to elim- 
inate, The former developed the habit of circling the 
inner cage before reacting to the plates. After efforts 
to break up this habit by means of delays had failed, it 
was decided to advance the animal to Step V as soon 
as she made nine trials out of ten in which only this one 
error occurred. It was hoped that the error would 
drop out when the monkey was introduced to a new 
step which involved a slightly different pattern. Sub- 
ject W was handicapped on Step IV, as in the preced- 
ing steps, by the habit of darting out of the entrance 
compartment and passing plate I without touching it, 
This was caused apparently by being conditioned 
against the entrance door, as mentioned in the proto- 
cols. Both of the subjects made failure trials consis- 
tently almost from the beginning when transferred to 
Step V. 

The results definitely indicate that Step IV was par- 
ticularly diflicult. This is shown by the fact that four 
of the thirteen monkeys trained on tlic step failed com- 
pletely, and by the very large number of trials, errors, 
and minutes required to Jearn it, The median .scores 
for trials, errors, and time were larger on this step than 
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Oil any other except for the trials score on Step XII. 
It might be argued that the median scores favored the 
higher steps because the slow learners were eliminated 
before they reached these stages. However, if only 
scores of the four subjects A, B, E, and V (all of which 
learned twelve steps) are included, the median scores 
are greater for these subjects on this step than on any 
other except Step XII. Step IV thus appeared to 
represent a critical stage in the mastery of the advanced 
problem. 

As has already been indicated in the section on pro- 
cedure, the first reversal of direction was introduced on 
Step IV. This obviously accounts for the extreme 
difficulty of the step. Three of the four monkeys 
which failed Step IV failed completely to learn the 
reversal part of the pattern. They repeatedly circled 
about the cage in a counterclockwise direction, depres- 
sing all of the plates again and again until, after many 
sifccessive fsiliifcs, they became inactive, Howsvec,, 
the reversal act once learned did not appear to give 
particular difficulty at any other point. In no case 
was failure on another step due to failure to learn the 
reversal part of the pattern. 

Individual learning curves (error, time) were cal- 
culated by the Vincent method. As a rule, on Step 
IV they were typical for sensory-motor problems, i.e., 
they started at the peak and descended more or less 
consistently to the end, indicating that the time and 
errors decreased fairly consistently throughout the 
learning period. Table 21 shows that 77.8 per cent 
of the error curves and 66,7 per cent of the time curves 
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were of this type. In only 22.2 per cent of the error 
curves and 33.3 per cent of the time curves did the 
peaks occur later than the point representing the first 
tenth of the curve. 

The learning curves {time, error) for all of the later 
steps were generally similar to each other. They dif- 
fered markedly from those for Step IV in one im- 
portant detail : the peaks came at some other point than 
at the beginning. As a rule, on these higher steps the 
monkeys started off fairly well when advanced to a new 
step and, therefore, the initial time and error scores 
were low. Somewhat later they began making a great 
many errors. The peaks of the curves (error, time) 
in such cases occurred at various later points, as shown 
in the last two arrays in Table 21. The data for this 
table were obtained by tabulating the position (tenth) 
at which the peak of each individual curve occurred. 
The^e were combined for aJJ of the steps and are siiown 
in die table in terms of percentages. Thus 24.4 per 
cent of the individual error curves for steps from V to 
XXII started at the peak. The remainder of the in- 
dividual error curves started relatively low, 11.4 per 
cent of them reaching their peaks at the second tenth, 
6.B per cent at the third tenth. An even larger propor- 
tion of the curves reached their peaks on the fourth and 
fifth segments of the curves. In some cases the peaks 
of the curves came on the last tenth. In general, the 
peaks of the time curves occurred at points correspond- 
ing to those on the error curves. The data yield no 
definite explanation for this atypical feature of the 
curves. It was observed that in many instances the 
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monkeys became confused after having done very well 
on a given step, which led to a rise in tlic error and time 
scores. This type of response was neither peculiar to 
a given individual nor to a particular step. 

As has already been indicated, differences in indi- 
vidual performance were very marked throughout all 
of the steps of the advanced problem. In general, the 
same factors which were discussed in connection with 
group variability on the basic problem should also be 
considered here. These factors were there divided 
into two classes, those which relate to the conditions 
and set-up of the experiment and those which relate to 
the individual characteristics of the subjects them- 
selves. The former include a shift in the time limit 
for trials, the element of chance in regard to the first 
success, and the use of a high norm of mastery. The 
first of these factors would not apply here since the time 
limit for trials remained constant (three minutes) 
throughout the advanced problem, The clement of 
chance seems to be relatively unimportant in the ad- 
vanced problem since the subjects had already learned 
to react to plates by the time they were introduced to 
these steps. With regard to the high norm used, the 
analysis made on the basic steps would indicate that 
this factor had no definite influence upon group varia- 
bility. Suefi analysis beyond the basic problem was 
scarcely feasible, since only the high norm had actually 
been used throughout and the computation of the 
lower norms would, therefore, become less meaningful 
as the steps progressed. 

The second class of factors, which relate to charac- 
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teristics of the subjects, are; differences in tameness, in 
playfulness, in age, in the formation of certain stereo^ 
typed errors of the position-habit type, in the occur- 
rence of specific reaction tendencies, in the amount 
of transfer effect from step to step, and in genuine 
individual differences in ability to learn. With regard 
to tameness, while there did seem to be fundamental 
differences, the actual variation in tameness was some- 
what reduced by the time the advanced problem was 
begun. At this stage in the experiment practically all 
of the subjects had made very satisfactory adjustments 
to the entire experimental situation. It would seem, 
therefore, that differences in tameness were relatively 
unimportant in relation to the results on the advanced 
steps. Differences in degree of playfulness also be- 
came relatively less pronounced on the advanced steps. 
For example, subject A, which was the most frolicsome 
of all of the subjects during training on the basic prob- 
lem, became a re/y nwJrec c/2 the adracced 

problem. Subject B also became less playful as the 
experiment progressed. On the other hand, subject V 
developed a slightly greater tendency to playfulness as 
the steps became more complex. None of the other 
subjects trained on the advanced problem displayed 
any great tendency to play in the apparatus. 

Age differences would seem to be of less significance 
for the advanced problem than for the basic problem, 
since the subjects were approaching each other in ma- 
turity so far as growth and intelligence are concerned. 
Moreover, there seems to be no evidence that the older 
subjects were superior to the younger subjects. For 
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cxnmpJe, the three oldest (Inrgest) subjects fnilctl Step 
IV completely, while one of the youngest subjects 
made the best record on this step. On Step V both 
the poorest record and the best record were made by 
young monkeys. On Step VI the best record was made 
by the monkey which ranked midway in the group as to 
age. The poorest record on this step was made by one 
of the youngest monkeys. 

The development of stereotyped errors of the posi- 
tion-habit type scarcely ever occurred on tlie advanced 
problem except in the two cases already mentioned in 
connection with Step IV. These errors did contribute 
to variability on this step but this factor was not sig- 
nificant on the later steps. 

Specific reaction tendencies characteristic of the in- 
dividual animal probably played an important part in 
determining the scores, This would seem to be indi- 
cated by the fact that the relative difficulty of tlie sev- 
eral steps shifted about for the various animals. An 
exception can be made in the case of Step IV, which 
ranked very high in difficulty for nearly all of the ani- 
mals, It might be supposed that steps which ended on 
plate 2 at the back of the box would be especially difii- 
cult, since they involved passing either plate 1 or plate 
3 without touching it. It might also be thought that 
as the problem increased in complexity the error and 
time scores would be higher. As n matter of fact, how- 
ever, there seems to he no consistent trend of any sort 
running through the scries, Tor example, a given ani- 
mal might make a low score on one step, a high score 
on the next, and a low on the next, etc. 
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It seems likely that the inconsistency from animal to 
animal and from step to step was related more or less 
directly to reaction tendencies characteristic of the 
individual monkeys. The data seem to supply no defi- 
nite evidence as to what these tendencies were. Whether 
they were due to hereditary differences or whether they 
arose from the peculiar situations in the apparatus 
cannot be determined. 

It is not unlikely that differences in transfer effects 
may have been of considerable importance. This fac- 
tor is associated with the lack of consistency in the 
scores of the same animal from step to step, Some- 
times a high score on one step was followed by a -low 
score on the next and this in turn by a high score on 
the next. In other cases low scores on two steps might 
be followed by a high score on the next. High scores 
in such cases as here cited were often associated with 
the final stage in reaching the high norm of mastery. 
This would seem to involve a degree of over! earning 
beyond the average on all points of the pattern up to 
that point. It would seem that the effect of this over- 
learning might well transfer to the next step, resulting 
in a low score for that step, On the other hand, a low 
score should be unfavorable in terms of transfer so fat 
as the next step was concerned. The extent to which 
such transfer effects may have operated to determine 
differences in scores from step to step cannot be deter- 
mined from the data. Even if the explanation be 
accepted, it cannot be applied to all scores, since no 
consistent alternation of high and low scores occurred 
throughout. 
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Byway of Bummarizing the various points in regard 
to group variability, it would seem that none of the 
factors relating to the set-up of the experiment were of 
much significance in determining differences in indi- 
vidual scores. Moreover, such factors ns differences 
in tameness, playfulness, and age were relatively un- 
important. The formation of certain stereotyped 
errors could have been of significance only on Step IV, 
since they scarcely occurred at all on any other step. 
Differences in specific reaction tendencies and in the 
amount of transfer from step to step may have been 
somewhat influential in determining differences in the 
individual scores. However, it seems that to a large 
extent these differences were due to genuine individual 
differences in ability to learn. 

As stated in a preceding section, the chief aim of the 
study was to determine the limits of learning for the 
experimental group, Eiach animal was advanced step 
by step until it finally failed completely to learn a given 
step according to one of the criteria discussed in the 
section on procedure. The fifial step learned by a 
given monkey Avas taken as the limit of ability for that 
individual, since the animal failed on the next step. 
There were in general three different types of failures: 
those in which the monkeys failed almost at once upon 
being introduced to the new step, i.e., those in which 
they consistently made failure trials and soon became 
inactive, as in the cases of subjects C, D, S, U, and 
W; those in which they made considerable progress 
in learning and then failed, clue to a more or less 
gradual disintegration of the habit to the point where 
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they consistently made failure trials, as in the cases 
of A, F, and V ; and those in which they made progress 
in learning and were nearly always successful in ob- 
taining the reward but never succeeded in eliminating 
certain errors. 

The data for limits of learning are presented in 
Table 22, This table indicates the number of animals 


TABLE 22 

Showing the Number op Monkeys Which Reached the 
Limits OF Learning on the Various Steps 


Steps 

Males Females 

Combined 

II 

Basic Psodlbm 

1 

1 

III 

2 

2 

4 

IV 

Advakckd Frodlbm 

2 

2 

VI 

I 


1 

VIII 


1 

1 

IX 

1 


1 

Xll 

2 


2 

XIII 


1 

1 

XXII 

1 


1 




^ - 

Totals 

7 

1 

14 


which reached the limits on the various steps, As will 
be seen, the total group ranged in limits from 2 to 22 
steps. The median number of steps learned was 5 
and the average was 7,4, A comparison of males and 
females distinctly favors the males, which have a 
median score of 9 steps, or more than twice that of 
the females. The males also show a much wider 
range than do the females. The range is greatly in- 
creased by subject A, which learned 9 steps more than 
any other monkey and 10 steps more than any other 
male. A comparison in terms of overlapping shows 
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that only 14.29 per cent of the females reached or 
exceeded the median of the males. 

In connection with limits of learning, the question 
again arises as to the causes underlying difTcrenccs in 
performance. Factors which may have affected dif- 
ferences in the facility with which the various steps 
were learned have already been discussed. vSome of 
these factors may have affected to some extent the 
limits of learning in certain cases. However, each 
subject was given ample time tn learn the several 
steps, and motivation was kept at a relatively high 
level in all cases. It seems, therefore, that in the main 
the differences in number of steps learned represent 
genuine individual differences in ability to learn. 

The results do not show any dclinite relationship 
between number of steps learned and the speed at 
which they were learned in terms of total number of 
trials. A negative correlation (™.27d=.lB) was found 
between number of trials required to learn the basic 
problem ami limits of learning. Such a correlation, 
especially when based upon very few cases, is of little 
signilicance c.xcept perhaps to indicate that there is 
probably little if any relationship between learning 
the basic problem quickly and a high level of ability. 
In the advanced problem, a correlation was computed 
for the six subjects which continued through Step 
VIII. The six subjects were ranked in order of merit 
from one to six on each of the five steps (IV to VIII 
inclusivej . The average rank of each was obtained 
and a correlation computed between these average 
rankings and the rankings for these subjects <m the 
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basis of limits of learning. Again no significant cor- 
relation ( — .10±.03) was obtained. Such evidence 
seems to suggest that two different types of functions 
were measured by scores in number of trials and by 
scores in number of steps. These would seem to be 
somewhat analogous to speed and power as measured 
by various tests in human work. The number of trials 
required to learn the several steps roughly represents 
speed of learning at a. given level, while the number 
of steps learned represent the final level of ability. 
This is corroborated to some extent by the work of 
Ricss on rats and guinea pigs (25). He found that 
guinea pigs were unable to master Step II, while rats 
succeeded in doing so. However, the guinea pigs 
learned Step I with fewer trials than did the rats. 
Moreover, it is in harmony with the general accepted 
principle that complex tasks are more effective than 
simple tasks in bringing out individual differences in 
learning capacity. 

It might be expected that, after a number of steps 
had been mastered, the subjects would develop a gen- 
eralized habit of adding another plate to the pattern. 
This would be indicated by low scores on all succeed- 
ing steps. As a matter of fact, none of the animals 
in the advanced problem passed directly from one step 
to another without making errors. In the basic prob- 
lem two such instances did occur in passing from Step 
II to Step III. In the advanced problem there were 
four cases in which the task of adding a plate was 
learned in 10 trials or less, and four other cases in 
which it was learned in 20 trials or less. Since the 
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total number of steps learned by all animals in the 
advanced problem was 63, it will be seen bow infre- 
quently "sudden" learning occurred, It seems likely 
that all of these cases can be accounted for in terms 
of transfer of training. 'I’hcy certainly do not repre- 
sent "Insight" on the rational level since the animals 
in every case made very high scores on later steps. 
The latter should not have happened if the animals 
had developed a generalized solution to the problem. 

It should be pointed out in this connection that there 
was actually little opportunity for the subjects to de- 
velop a generalised solution to the various steps. In 
the first place, the only signal which might have in- 
dicated to the monkey that it was being introduced to 
a new step was the failure of the door lo open when 
the animal came to the end of the series. However, 
this could scarcely have been used as a signal, since 
for every instance In which it indicated the beginning 
of a new step there were probably fifty or more in- 
stances in which it indicated merely that the subject 
had made an error. The particular situation with 
reference to the latter case has been fully described 
in the preceding section in connection with corrected 
trials. 

Activity Scores 

The activity data on the advanced problem can con- 
veniently be divided into four groups: (1) scores 
obtained directly from the original data; (2) scores 
which were computcil from original time and activity 
scores; (3) an analysis of errors into various classes; 
and (+) an analysis of patterned behavior. The first 
three groups correspond directly to the three groups 
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discussed in connection with the basic problern. The 
fourth group applies only to the advanced problem 
and will be described in some detail below. These 
four groups will be taken up in order. Finally there 
will be a brief discussion of the relationship between 
the activity scores and final failure of the monkeys on 
(he various steps. 

The first group of activity data (number of plates 
depressed I number of quadrants traversed) for the in- 
dividual animals is shown in the second and third 
columns of Table 23. The corresponding group 

TABLE 23 


Results op Advanced Prodlem Showing Individual 
Activitv Scores 


AnlnfflliP 

Dales 

clcprc^aed 

Quadrants 

traversed 

Quadrants 
per plate 

Flatea 
per minute 

Qiiadrantd 
per minute 



Step 

IV 




A 

2507 

4006 

1J5 

16.22 

25.12 

U 


1150 

1J5 

24.56 

33.07 

C 

D 

E 

Fflilcd 

Failed 

1457 

1630 

1.09 

13,97 

15.21 

IT 

4-236 

S029 

1.19 

26.49 

31.45 

G 

6CS 

795 

1.19 

15,9+ 

19.03 

Femnlea 

S 

T 

i; 

Failed 

Failed 

14451 

23197 

1.61 

20.24 

32.53 

V 

Z9EI 

3715 

1.25 

i3M 

17.02 

W 

9946 

Xfi652 

i.67 

29.0b 

48,60 

X 

349 

400 

1,17 

23.99 

2B.0+ 



STEP 

V 



Males 

A 

8lt 

1015 

1.22 

30.47 

37.22 

li 

It 

3gQ3 

4347 

1.21 

40.3 6 

4a.69 

lOlR 

1136 

1.12 

20.34 

22,70 

F 

793 

921 

1.16 

3B.n 

44.34 

G 

269S 

3009 

1.15 

33.48 

3ff.36 

Fernnlefl 

U 

V 

Failed 

3346 

3766 

1,11 

29.98 

i3.74 

X 

Failed 

213 

235 

1.10 

16.10 

17,76 
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TAHLE 23 (fojKirttifrf) 


Animalfl 

PJatcfl 

deprenscd 

Quntlranli 

(raveriied 

QiindraniH 
per plate 

iMmei 
per inlnule 

Quadranij 
per minulc 



Srfii’ 

VI 



MlllcH 

A 

17ii3 

2401 

1.35 

28.53 

3B.42 

U 

602 

)I(I2 

IJJ 

17.00 

49.29 

E 

6n 

7i2 

1.0i 

28.70 

11.10 

F 

20] S 

2209 

1.09 

H.IO 

47.87 

G 

90 

96 

1.07 

42.21 

45.07 

Fenmlcfl 

V 

3177 

IS 10 

I.IQ 

36>64 

4Q.4H 

X 

2634 

2739 

Srei* 

1,04 

Vll 

23.54 

24.48 

Mfklti 

A 

22^6 

2£18 

L17 

4j.S6 

SI. 4 6 

D 

50R 

631 

1.24 

45.68 

56.74 

E 

3938 

+2B4 

A.09 

24.04 

26.15 

V 

G 

90$ 

Failed 

m 

1.07 

41.76 

44.67 

Female* 

V 

IA7 

ISO 

l.OZ 

49.00 

50.00 

X 

177+ 

1923 

Step 

l.OB 

VHI 

32.01 

34.70 

MnlcR 

A 

8R 

86 

.91 

65.19 

63.70 

B 

3627 

4J0+ 

1.24 

43.09 

53,50 

E 

3913 

4331 

1.11 

22.78 

25.23 

F 

Hi 

H7 

V.W 


2.4M 

Femnki 

V 

1776 

IB99 

1.07 

34.77 

37.18 

X 

170J 

18+3 

Sthp 

l.OB 

IX 

25.98 

28.12 

MfiJcii 

A 

USS 

1595 

MO 

63.54 

69.65 

B 

1JD5 

17)6 

l.H 

46.99 

53.57 

E 

8619 

9727 

i.n 

39.ZZ 

44,26 

F 

90li 

9Sfi 

1.05 

47.59 

50.10 

PemalEi 

V 

X 

1912 

Failed 

2015 

Sthi 

1.05 

• X 

4B.96 

51,60 

MbIcb 

A 

Z2fi? 

2+11 

1.06 

n.m 

62.51 

D 

7169 

B772 

1.22 

41.64 

50.95 

E 

F 

UZl 

Faileil 

1632 

1.07 

1C. 24 

38.88 

Femolee 

V 

1B67 

20JJ 

1.12 

30.30 

34.00 
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TABLE 23 (^cnntin\ied) 


Animals 

Plates 

depreBsed 

Qun drams 
traversed 

Quadrants Plates 
per plate per minute 

Quadrant-s 
per minute 



Stei* 

XI 



Malea 






A 

in 

7S5 

L02 

76.38 

77.57 

U 

2Q39 

2590 

1.27 

aS.B2 

45.50 

E 

1202 

1265 

1.05 

43.16 

45.42 

Fcmalcfl 






V 

20J2 

2241 

1*09 

36.40 

39.75 



Step 

XII 



Males 






A 

23 S2 

2468 

1.05 

69.44 

72.B7 

B 

5384 

6664- 

1.24 

34.84 

43.12 

E 

6173 

6512 

1.05 

41.68 

43,96 

Females 






Y 

10485 

11351 

1.08 

41.87 

45.33 



Step 

XJJI 



MuIes 






A 

lie 

146 

1.C7 

86.112 

92.93 

B & E 

Failed 





Females 






V 

2ifl7 

2703 

1.0+ 

£0.66 

63.38 



STEP 

XIV 



Males 






A 

3480 

3745 

1.08 

7S.2B 

81.01 

FemolcB 






V 

Failed 







Step 

XV 



Males 






A 

2400 

2451 

1.02 

66.67 

6A.08 



Step 

XVI 



A 

2272 

2289 

1.01 

76.42 

76.99 



STEF XVII 



A 

7854 

BlSl 

1.04 

73,99 

76.79 



STEF XVIII 



A 

1342 

1370 

1.02 

71.88 

73.38 



Step XIK 



A 

1175 

1192 

l.OI 

68,59 

69.S9 



Step 

XX 



A 

13309 

14256 

1.07 

61.35 

65,72 



Step XXI 



A 

896 

912 

1.02 

74,05 

75,37 



Step XXII 



A 

3007 

3066 

1,02 

70.59 

71.97 



STEP XXIII 



A 

Failed 
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been discussed in connection with the basic problem. 
The quadrant-plate relationship gives a fairly accurate 
measure of the proportion of activity which was 
directed toward the plates. It will be remembered 
that a perfect score on any step was 1.00. The num- 
ber of plates per minute and the number of quadrants 
per minute are speed-of-activity scores and, to a large 
degree, on the advanced problem, represent the rate 
of running in the apparatus. , All of these computed 
scores indicate, in some measure, the degree of adjust- 
ment to the problem situation. 

The individual scores for this second group are 
presented in the fourth, fifth, and sixth columns of 
Table 23. The corresponding measures of central 
tendency and of variability for the group are shown 
in Table 26, The group scores indicate that beginning 
with Step IV the measures of central tendency show 
a general trend toward Improvement in the quadrant- 
plate ratio through Step VIII, and in the speed-of- 
activity scores through Step IX. Since it seemed 
quite likely that such improvement was greatly affected 
by the dropping-out of the poorer monkeys, averages 
were calculated from Steps IV to XII, inclusive, for 
the four monkeys which learned the twelve steps. 
These averages indicate that for the four monkeys im- 
provement did occur from step to step, except for a 
slight exception on Step VI through Step VIII in 
the quadrant-plate ratio and a definite increase in 
speed of activity through Step IX. The difference in 
speed of activity may, to some extent, be due to the 
possibility of acquiring more momentum on the slight- 



TABLE 26 

Showin-g Measures of Cektral Tendency and Vamability for Number of Quadrants per Plate^ 
Number of Plates Depressed per Minute, and Number of Quadrants Traversed per Minute* 
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N'uroiJcr of phlca per rninuic 3S.94 41.75 30.30-59,53 

Number of quadrants per minuic 44.92 4^.59 34,00-62.51 

“Since only oae animal learned Steps XIV to XXII, the data for these steps arc not included in this cable. Sec 
Table 23 for Individual records. 
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ly longer steps. However, the gradual speeding-up, 
together with the improvement in the quadrant-per- 
platc scores, seems to indicate that the monkeys were 
still making some slight improvements in their adjust- 
ment to the problem on these earlier steps. A com- 
parison of liable 24 with Table 26 shows tliat, while 
the group varies greatly from individual to individual 
with regard to the number of plates depressed and the 
number of quadrants traversed on tlic several steps, 
such variations were much smaller for the specd-of- 
activity scores and relatively slight for the quadrant- 
plate ratio. This together with the fact that marked 
differences from individual to individual were found 
in the learning scores shrnvs that, while the monkeys 
differed enormously among themselves with regard to 
rate of learning the advanced steps, they differed rela- 
tively little in their adjustment to the problem situa- 
tion. Furthermore, while the learning scores and 
original activity scores varied greatly (ram step to 
step for the given individuals, such differences were 
found to be relatively small with regard to quadrants- 
per-platc and spced*of-activity scores. To some extent 
the two latter tend to be systematic differences sliowing 
gradual improvement from step to step. If, as was 
suggested in the preceding section, lack of vmiformity 
in the scores for a given individual from step to step 
was due in part to differences in transfer effects, the 
data seem to indicate that transfer was more uniform 
with regard to the general method of attacking the 
problem than with regard to other factors in the learn- 
ing process. 
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Individual curves for the quadrant-plate ratio and 
speed of activity were computed by the Vincent 
method on each of the various steps. It was found 
that, with these as with the learning and the general 
activity curves, the point representing the poorest per- 
formance tended to appear at some tenth other than 
the first. The percentage distribution, of these points 
is presented in Table 27. It will be noticed that the 
first two arrays represent peaks while the last four rep. 
resent low points. Obviously the poor performances 
with regard to number of quadrants per plate give 
high scores, while the poor performances in speed of 
activity (plates per minute, quadrants per minute) 
give low scores. A comparison of this table with 
Tables 21 and 2S shows that here the curves on Step 
IV tend to display the same characteristic to a much 
greater degree than did the learning curves or the 
general activity curves. 

The thirrl group of data (analysis of errors) in- 
volved eighteen classes of errors, The various types 
of errors on the advanced problem were, in general, 
similar to those on the basic problem, a description of 
which will be found on pages 467-468, In addition to 
these there were errors of hesitation on the several 
plates (plates 1, 2, and 3). Such errors were rela- 
tively unimportant on the basic problem and when 
they did occur vvere classed as miscellaneous errors. 
However, as the series lengthened, these errors became 
more and more significant, On steps Avhere it was 
necessary to touch off a given plate more than once to 
complete die series, it frequently happened that a 
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subject Would hesitate aiid look at the door each time 
it touched the plate which finally ended the series. 
For example, on Step IX, which ended with plate 1, 
it was necessary to react to plate 1 three times during 
the series. There was seldom any hesitation the first 
time it Was touched, but a very frequent and significant 
error consisted in hesitation on plate 1 the second time 
it was touched in the series, Another important type 
of hesitation error often occurred for a time after the 
monkey was transferred to a new step. This was the 
tendency to hesitate on the final plate for the preceding 
step. More attention will be given to this hesitation 
behavior in connection with the development of the 
patterns. 

The percentage distribution of the various types of 
errors on the several steps is shown in Table 28. The 
data for this table were compiled in exactly the same 
way fls* that for Table 16 on the basic problem. First, 
the number of errors falling in the various classes was 
found for the individual monkeys on each step. These 
scores were then converted into percentages of the total 
errors made on the step by the respective subjects. 
The individual percentage scores were then combined 
and averaged to obtain the group scores for each step 
as presented in the table. It will be noticed that the 
number of subjects gradually diminishes until, on the 
last nine steps, only one animal is represented. 

The table indicates that throughout the entire ad- 
vanced problem the emphasis tends to be on two 
general types of errors, reacting to the wrong plates 
and hesitating on plates. The highest percentage fre- 
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Showing the DrsTBraL^TioN of Each on the Several Steps of the Ad- 
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quency for each step falls under one of these main 
classes, with the cxccplions of Step XIII, where it 
occurs on omission of plafe 1 , and Step XVI, where 
it occurs on rnnniny beyond. The wrong plate reac- 
tions tend to predominate on the earlier steps (Steps 
IV to VII inclusive), while the hesitating type of 
errors tend to predominate on Step VI II and there- 
after, 

A study was made of the individual scores to 
determine whether the average scores were really rep- 
resentative of the group. It was found that, with the 
exception of Step VII, the type of error taking first 
rank for the group on each step ranked very high in 
frequency for practically all of the subjects. On this 
step the monkeys differed markedly among themselves 
as to the predominating type of error. It appears, 
therefore, that in large part the most frequent types 
of errors made on the advanced problem were dctcr- 
mined by the task itself. 

The fourth division of the data (development of 
patterns) seemed to be of greater significance than the 
types of errors. A record was obtained, from the 
original data, of the pattern of behavior on each trial 
from the time the subject entered the reaction com- 
partment until he completely broke off the pattern by 
running to the front of the cage or by turning back 
on a wrong plate. In other words, for this purpose, 
only records of what the subject did at the beginning 
of the trial were included. Various corrections 
made later were not used in the study of pat- 
terns because the pattern frequently became ex- 
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tremcly complicated when the complete trial was 
taken into account. For example, on a given trial on 
Step V where the correct response is plates 1, 2, 3 
reverse to 2, 1, the animal might run through the 
series 1, 2, 3 reverse to 2 and go directly to the inner 
door. This would constitute a breaking-off of the pat- 
tern before the completion of the series and, although 
the animal was required to correct his error before ob- 
Gaining the ^ood^ for the purpose of pattern analysis 
no attention was given to the performance after the 
breaking-off of the pattern. In many cases the total 
pattern was completed before being broken off, 
although hesitations, or omissions of plates, or both, 
may have occurred along the way. In such cases the 
total pattern was used but not the corrected part. For 
instance, if the monkey working on Step V ran through 
the series 1, 2, 3 reverse to 1, he would have com- 
pleted the total pattern and this much of the record 
would be used in the analysis, Flowever, the subject 
omitted the fourth plate in the series (plate 2) and, 
of course, was required to correct that error before 
he could obtain the food. 

An analysis of the data indicated that the develop- 
ment of the pattern on each step was characterized 
by certain fairly definite stages. It was not possible 
to combine the data for the several subjects on a given 
step since these stages tended to emerge at different 
points ill the learning period for the various animals. 
For this reasoiij the data can best be presented by giv- 
ing illustriitions of specific cases. Step IV will be 
discussed separately since it involved the introduction 
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of a new element into the pattern (reversal of direc- 
tion). 

The reversal pattern used in Step IV was found to 
be relatively diflkult. Of tlic nine subjects which 
learned this step, only one learned tlie reversal part 
of the pattern immediately. The usual behavior dur- 
ing the first lew trials consisted of continuing around 
the cage in a counterclockwise direction, stepping on 
the plates in order, that is, 1, 2, 3, I, 2, 3, etc. This 
stage represented the carrying-over of the pattern from 
Step III without the addition of the reversal. The 
second stage was characterized, as a rule, by the com- 
pletion of the total pattern including the reversal of 
direction to plate 2, but omitting plate 1 at the begin- 
ning of the series (plates 2, 3 reverse to 2). It will 
be noticed that at this stage the monkeys were going 
directly to the plate which finished the scries. In 
the cases of four subjects, an antagonistic pattern of 
starting in a clockwise direction (the direction in 
which the series ended) developed at some time during 
the learning process. AH of these patterns seem to 
be natural methods of attacking the problem. Tlie 
first is merely a continuation of the preceding step, the 
second is reacting first to the plate which “seemed" 
to be the effective one in preceding trials on the step, 
and the third is “trying out" a short cut by reacting 
to the final plate from the direction which proved suc- 
cessful in previous trials. The final stage in pattern 
development on this step was characterized by the 
perfection of the tt)tal inuteni. 7'he monkeys varied 
considerably as to the relative proportion of the learn- 
ing period given to each of these stages. 
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The remaining steps (V to XXII inclusive) can 
best be discussed together with the use of typical ex- 
amples. In general, the development of patterns on 
these steps tended to show three stages. The first 
stage was characterized by a complete breaking-off 
of the pattern on the next to the last plate of the series 
(the plate on which the preceding step ended), or a 
hesitation on that plate, On the simpler steps {V 
and VI) this stage usually took the form of a com- 
plete breaking-off of the pattern at this point. On 
the later steps it more often took the form of hesitating 
on the plate and then running to the final plate, thus 
completing the series. This first stage usually lasted 
for only a few trials. However, in two cases it con- 
tinued practically throughout the entire learning 
period. The behavior of monkey V, when first trans- 
ferred to Step V, is a typical example of the first 
stage in pattern development. The correct response 
on this step was plates 1^ 2, 2 reverse to 2, 1. In 
nine out of the first ten trials on the step, monkey V 
reacted to the series 1, 2, 3 reverse to 2 and then broke 
off the pattern at this point by running directly to the 
inner door. This same monkey when introduced to 
Step X displayed the hesitating type of behavior in- 
stead of completely breaking off the pattern at the 
next to the last plate. In the first nine trials she ran 
through the series 1, 2, 3 reverse to 2, 1 reverse to 2, 
1, hesitated and then reversed to 2, thus completing 
the series. 

The typical second stage was characterized by a 
breaking-down of the pattern into smaller units. In 
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some cases, liowevcr, the pattern was completely 
broken off at these points, anil in others there was 
merely a hesitation on the plate and then a continuing 
of the pattern. These smaller units or partial pat- 
terns were determined primarily by the larger pattern, 
but to some extent they differed from individual to 
individual on a given step. For example, on Step 
VI in which the correct pattern was I, 2, .1 reverse to 
2, 1 reverse to 2, the partial pattern most frequently 
developed consisted in merely depressing the first two 
plates. At this point the subject broke up the pat- 
tern by turning back to the door or to plate 1. How- 
ever, two o( the monkeys developed tUe pa.rcia.1 pattecn. 
1, 2, 3 reverse to 2 and then broke off without com- 
pleting (he scries, As the length of ihc series in- 
creased, there was a definite tendency for the partial 
patterns to be units which ended on the final plate of 
the series. P'or example, on Step Vll, where the 
scries ended with plate 3, the pattern was frequently 
broken by a hesitation on plate .1 the first time it was 
reacted to. Thus the total pattern was broken up 
into the units I, 2, 3 and Z, I, 2, 3. On the higher 
steps it was noticed that frequently the total pattern 
was broken up into a series of partial patterns. For 
instance, on Step XVII, subject A nearly always com- 
pleted the entire series but soon developed the habit 
of hesitation on the thirteenth plate of the series. In 
addition he frequently hesitated on the fifth and ninth 
plates. In other words, there Avas a slight tendency to 
hesitate on plate I each time it Avas depressed. 

Tjic third stage was represented by tlie more or less 
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gradual organization of these smaller units into a single 
larger unit which led to the perfection of the total 
pattern. Although it is possible to speak of these three 
stages, there was not always a clear-cut dividing line 
between them. The first stage was frequently quite 
clear cut, the second stage (development of smaller 
units) scarcely appearing at all until the first had dis- 
appeared. Often a number of perfect trials intervened 
before the breakdown into smaller units. There was 
much overlapping of the second and third stages. The 
first stage failed to appear in only 2 cases out of 54, and 
the second stage in only 5 cases. The latter were all 
cases in which the step was learned in less than 25 
trials. In one instance in which the step was learned 
in as few as 10 trials the second stage did appear. Ob- 
viously the third stage always developed on steps which 
were learned. 

One very interesting phenomenon which was close- 
ly related to the breaking-up of the pattern into a 
series of smaller units was that of rhythm or grouping 
of the plates. This was observed to some extent in 
subject V on Step XIII, but was much more striking 
on the higher steps with subject A, Both of these 
monkeys ran very rapidly and on perfect trials there 
seemed to be a definite grouping of the plates into series 
of fours. There was no break in the pattern in the 
sense of there being a hesitation at certain points but 
merely a rhythm in the rate of running. 

The question arises as to what relationship, if any, 
might be found to exist between the activity scores and 
final failure of tJie monkeys on the various steps. The 
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scores which would seem to be of particular interest 
here arc the quadrant-plate ratio, the spccd-of-activity 
scores, types of errors, and the development of the pat- 
terns. 

A study of the computed activity scores (quadrants 
per plate, plates per minute, and quadrants per min- 
ute) revealed the fact that the scores for the failing 
monkeys usually lie within the range for the group 
which learned the step. However, in practically every 
case the failure scores are poorer than either the median 
or the average scores for the group which learned. 
Furthermore, with few exceptions, they are poorer than 
the corresponding scores for the same subject on the 
final step learned. The differences arc small but may 
be of signihcancc since they display a fairly uniform 
trend throughout. 

A comparison of the predominating types of errors 
made by each individual during training on the step 
of final failure with the predominating types of errors 
made by the group which learned the step showed no 
striking differences for the most part. 

The relationship between the development of (he 
patterns and final failures seems to be of somewhat 
greater significance. Six monkeys failed before reach- 
ing Step VI. Five of these were eases in which no 
progress was made in learning the steps (three un Step 
IV and two on Step V). None of the live monkeys got 
beyond the first stage in pattern development, 'fhe 
pattern was consistently broken off with the ne.xt to 
the last plate of the series. In the failures occurring 
on Step IV, the reversal part of the pattern was not 
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learned, but the animals merely continued repeating 
the pattern which had been successful in the preceding 
step. The sixth monkey mentioned above was subject 
T, which failed on Step IV. It will be recalled that 
the second stage in the development of the pattern on 
Step IV was, as a rule, characterized by a tendency to 
omit plate 1 and react to the series in the order 2, 3, 2. 
Subject T never advanced beyond this stage, She 
learned the reversal part of the pattern fairly quickly 
but did not progress beyond the stage of omitting plate 
1 although she was given 2000 trials. 

Failures on all of the higher steps can be grouped 
into two classes : those in which the subjects made prog- 
ress in learning and were nearly always successful in 
obtaining the food, but never succeeded in reaching 
the required norm of mastery, as in the cases of B, E, 
G, and X; and those in which they made progress in 
learning and then failed, due to a more or less gradual 
disifitcgrat/oii of the habit to the point where they con- 
sistently made failure trials, as in the cases of A, P, 
and V. 

The group of monkeys coming under the first class 
of failures, without exception, did not progress beyond 
the second stage in pattern development. The be- 
havior of this group was characterized by a series of 
partial units. The organization of the series into a 
single whole was not achieved. 

The animals falling under the second classification 
differed somewhat from each other with regard to 
the course of pattern development. Subject V, which 
failed on KStep XIV, showed some evidence of de- 
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velaping both the second and third stages of the pat- 
tern, but progress was retarded by the appearance of 
such antagonistic patterns as starting in the wrong di- 
rection and running around the cage without stepping 
on plates, rite true pattern linally gave way entirely 
to these antagonistic patterns and the monkey made 
failure trials consistently until she became inactive. 
Subject F failed on Step X. In ibis case the three 
stages of patterned development followed each other 
in rapid order during the first few days of training on 
the step. There appeared very soon, however, a rever- 
sion to the second stage. With its reappearance, this 
phase took on the inferior form of completely breaking 
off the pattern at the second and sixth plates in the series 
instead of merely hesitating at these points. Later 
even this patterned behavior disintegrated. Subject 
A failed on Step XXI fl. Here again paticrned be- 
havior developed to the point of frequent perfect trials 
and then rcvericd to tJic stage of partial paticios. A 
frequent shifting back and forth between second and 
third stages went on for a long period of time. Finally 
a definite tendency to omit plates at the beginning of 
the series developed and then frequent running around 
the cage without touching plates until the true pattern 
habit became totally disrupted. 

SUM.VtARY 

I. The limits of learning on the Jenkins piaddem 
apparatus were found for fourteen young rhesus mon- 
keys. The limits ranged from 2 to 22 step.s, with a 
median of S and an average of 7.43. If an exception 
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is made of one inferior animal, the median would be 
raised to 6 and the average to 7.86. The differences in 
limits seemed to be due primarily to genuine individual 
differences in ability to learn. 

2. The males were found to be far superior to the 
females in terms of the limits actually reached, The 
number of steps learned by the seven males ranged 
from 3 to 22 with a median of 9, while the number 
learned by the 7 females ranged from 2 to 13 with a 
median of 4i 

3. No evidence was found for the development of a 
generalized solution to the problem, such as that in- 
volving "the addition of another plate" from stage to 
stage. 

4. The learning scores (trials, errors, time) and 
original activity scores (plates depressed, quadrants 
traversed) on the advanced problem were found to 
be extremely variable for the individual, and for the 
several steps. The variability here seemed to be due, 
in the main, to differences in individual reaction ten- 
dencies, to differences in transfer effects from stage to 
stage, and to genuine individual differences in ability 
to learn. 

5. The time and error curves on Step IV were of 
the usual descending type. Those for Step V and on- 
ward tended to start rather low, rise to a peak, and fall 
again. The initial approach to the new step thus 
seemed to offer less difficulty than a later part of the 
learning process, 

6. Step IV appeared to be relatively difficult since, 
ffrst, 4 of the 13 subjects failed at this stage, and, sec- 
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ond, the learning and aciivity scores for those subjects 
which did learn were, on the average, unusually poor. 
This would seem to be explained by the introduction 
into the task of a reversal in the direction of running, 
Beyond Step IV there appeared to be no consistency in 
terms of trials, errors, time, plates depressed, and quad- 
rants traversed in the difficulty of the various steps for 
the group as a whole or for the individual animals, 

7. No significant relationship was found between 
the number of steps learned and the iiunihcr of trials 
required to learn the various steps. This was taken 
to mean that the two sets of scores were measuring 
different types of functions. The former may be re- 
garded as somewhat analogous to the power and level 
tests in human work; the latter to speed of learning on 
tasks lying well within the range of the subjects. 

8. Three stages were distinguished in the develop- 
ment of the patterns on each of the various steps from 
V to XXII. These stages were: (I) repetition of the 
pattern learned on the preceding step; (2) a breaking- 
down of the larger pattern into smaller units or partial 
patterns; and (3) final development of tlic total pat- 
tern, 
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A COMPARISON OF MONKEYS, KITTENS, 
AND RODENTS 

It will be of interest to compare the results obtained 
In this study on monkeys with those secured by inves- 
tigators on various other mammalian forms in the 
Columbia Laboratory, those by Shuey (27) on kittens 
and those by Riess (25) on white rats and guinea pigs, 
making use of the same apparatus and procedure. The 
procedure of Shuey differed somewhat from that used 
in the other studies. Instead of requiring the animals 
to depress plate 1 (Step I), she permitted the kittens 
to begin the series on any one of the three plates. Since 
this plan was less arbitrary, it probably made Step I 
somewhat easier for the kittens. This would also 
mean that the reversal of direction on Step IV (ad- 
vanced probJem R) would vary somewhat among the 
kittens, depending upon the direction in which they 
started. Moreover, the kittens were required, after 
learning the three steps, to learn the reversal of the 
series before being required to add another plate. On 
account of this interpolation, Step V for the kittens 
corresponds to Step IV for the monkeys. The extra 
practice on this interpolated stage may have favored 
the kittens on the later task on which the limits were 
tested. Another difference in Shuey’a problem was 
that the second reversal came with the addition of the 
seventh instead of the sixth plate, as with the monkeys. 
No opinion can be given as to whether the difference 

[ 525 ] 
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in the point of reversal favored the kittens or not. On 
the whole, the above tliffcrcnccs in procedure in 
Shuey's work probably were not important enough to 
have influenced the average number of steps learned 
by the kittens, ailhough they did doubtless inllucncc 
the size of the scores. It is significant that only two 
of the kittens went as far as Step V, which corresponds 
to Step IV for the monkeys. 

The limits reached (number of steps learned) by the 
several species can be sunumrizcd as follows; 



KunKc 

Mctllnn 

Average 

Ciuinea 

01 

ro 

0.5 

Km 

0-2 

1.0 

U.9 

KiKcni 

3^7 

3.0 


Monbeyn 

2-22 

5.0 

7.4 


The number of animals of tlie various groups, ex- 
pressed in percentages, which learned the several steps 
is shown in Table 29. The percentages are based on 
the total number of subjects for which limits were 
found. As will be seen, there is relatively little over- 
lapping except between the two groups of rodents. 
Only 10 per cent of the kittens did as well as SO per cent 
of the monkeys, w'hile none of the rodents did as well 
as 100 per cent of the kittens. Furthermore, 42.9 per 
cent of the monkeys went beyond Step VII, which cor- 
responds roughly to the upper limit found for the 
kittens. 

It is significant that Step I Was found to be especially 
diflicult for the monkeys and the kittens. The same 
was true of Step IV which involved the introduction 
of the hrst reversal of direction. The relative tlifli- 
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’I’ABLE 29 

Comparison or Monkbys, Kittkns, Rats, and Guinea Pigs 
SiioiviNii Purcentack op Su ejects Which Learned 
THE Various Steps 


HlepB Icnrucd 

MonlfcyH 

KUlcnn 

Rnta 

Guinea piga 

r 

100.0% 

100.0% 

6A.6% 

53.3% 

n 

1 00.0 

[QO.O 

22.9 

0 

lU 

92,9 

ICO.O 

0 


IV 

U.3 

20.0' 



V 

so.o 

20.0 



VI 

50.0 

10.0 



Vll 

■12.9 

10.0 



VTIJ 

‘13.9 

0 



IX 

35.7 




X 





XI 





xrr 





xni 

U-3 




XIV 

7.1 




XV 

7.1 




XVI 

7.1 




xvn 

7.1 




XVIII 

7.1 




XIX 

7.1 




XX 

7.1 




XXI 

7.1 




XXII 

7,1 




xxrit 

0 





^Tliia h ihc rcHUli for Slcp V which corrcBjiantlfl to Step IV far the inon- 
hcys, 


ciilty of the steps beyond this point does not follow 
any definite order for either the monkeys or the kittens. 

The comparative scores gn the several steps of the 
basic problem are shown for the various species in 
Table 30. As previously noted, there is no consistent 
relationship between the learning scores (trials, time) 
and the limits reached by the individual animal. More- 
over, as shown by the table, there was no definite re- 
lationship between the learning scores and limits for 
the various species, For example, the guinea pigs 
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made lower scores than the rats did on Step 1. On 
the whole, the scores for the kittens are much better 
than those for the monkeys. These facts seem to cor- 
roborate the pinnt stressed in the earlier discussion 
tliat the scores on the several steps are measures of one 
thing and the indices of limits of another. It is clear 
also that the latter rather than the former indicate 
the levels of learning capacity for the individual and 
the species. 

The question may be raised as to the significance of 
these comparative results. Do the limits of learning 
ability on this specific task represent general levels of 
learning capacity for the several mammalian types? 
This question can hardly be answered categorically at 
the present time. Further corroborative evidence 
would seem to be necessary, involving variations in this 
type of task and perhaps other types of tests, It is 
evident that rodents, kittens, and monkeys differ 
markedly in levels of learning capacity on this par- 
ticular type of task. In view of other observations 
and experimental work on these forms, it seems likely 
that the differences indicated arc representative. It 
seems highly probable that the order of learning abili- 
ty here found indicates roughly the general level of in- 
telligence of the species tested, 



VI 

GENERAL SUMMARY 


A group of sevcnlccii young rhesus monkeys were 
tested in the Jenkins problem apparatus on a task coii> 
sisting of a series of steps tjf increasing complexity. 
The limits of learning, i.c., the most complex steps the 
animals were able to master, were found for only four- 
teen animals, since three were eliminated for reasons 
other than inability to learn. Each subject was traris- 
f erred from one step to the next as soon as it reached 
the required norm of mastery (nine perfect trials out 
of ten) and was advanced from step to step until it 
failed to learn a given step, At the point of failure, 
the subject was eliminated from the cxperiinciu, and 
the last step learned was taken as the limit of ability for 
that animal. 

For convenience, the study was divided into two 
parts: a basic problem consisting of the first three 
steps, and an advanced problem consisting of more 
complex patterns. In addition to limits of learning 
for each animal, learning scores (trials, errors, and 
time) were secured on each of the several steps. 

TlTe following conclusions may be drawn from these 
results: 

1. The limits of learning ranged from 2 to 22 steps, 
with a median of 5 and an average of 7.4,1. The mon- 
key thus appeared to he jnarkeilly superior to such 
mammals as the kitten as tested by Shuey (range, .1 to 
7; average, 3.6), the white rat (range, 0 to 2; average, 

[ 530 ] 
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,9), and the guinea pig (range, Q to [; average, .5) as 
tested h)' II i css. 

2. The males were hnmfl to he definitely superior 
(range, 3 to 22; niccliiin, 9; average, 9.6) to the females 
(range, Z to I.?; median, 4; average, S,.^) with regard 
to niiiiiber of steps learned and also witli regard to 
speed of activity, However, this dilTerence did not 
hold for scores in trials anil errors, or for the quadrant- 
plate ratio. 

3. No evidence was found for the development of 
a generalized solutiun to the problem, such as that in- 
volving "the addition of another plate” from stage to 
stage. 

4. The difTerentc.s in learning scores and in original 
activity scores from individual to individual and from 
step to step were very marked. These difTcrcnccs 
seemed to be due, in large measure, to dilTercnccs in 
specific reaction tendencies of the individuals, to dif- 
ferences in transfer clTccts, and to genuine individual 
differences in ability to learn. In the early part of 
the experiment (basic problem) differences in tame- 
ness, in playfulness, and in the formation of certain 
stereotyped errors of the pnsition-liabit type may also 
Iiave played some part. 

5. It was found that (he various steps of the prob- 
lem on tins apparalu,s do not progress by equal differ- 
ences in diniculty. 'i’he initial formation of the plate 
habit would .seem to account for the iJiHiculty of Step 
1; die initial rever.sal of direction probably accounts 
for the diniculty of .Step J V'^. I he relative diniculty 
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of the Other steps varied considerably from animal to 
animal. 

6. The form of the learning corves (Vincent 
jnctJjod) varied considerably from step to step. The 
curves (error, time) for Steps II, III, and IV were 
of the usual descending type, Those for Step I were 
in general characterued by a sharp initial rise prcccd- 
ing the descending trend. The curves for all of the 
later steps (V to XXII) also tended to start relatively 
low, rise to a peak, and fall again, However, in these 
steps the rise did not occur consistently at first. 

7. No consistent relationship was found to exist 
between speed of learning on the several steps and the 
limit of learning finally reached by the individual. It 
was argued that the former probably measured speed 
of learning while the latter gave an indication of gen- 
eral level of ability. 

8. Three stages were distinguished in the develop* 
raent of the patterns on each of the various steps from 
V to XXIL These stages were: (I ) repetition of the 
pattern learned on the preceding step; (2) a breaking- 
down of the larger pattern into smaller units or partial 
patterns; and (3) Iin.il development of the total pattern. 
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m L1MITE5 Dli L'AIH’ITUDE A APEHENMJRE CUU LlvS 

siNtiKS HUES ns 

(Rdnurn^) 

On Ji 17 jcunej liiiRcs t\\tm Mir une Uchc ctimpuih d'MEc ?^ric 
(ic miKnunuiiie, cn cmpltiyqjii la HtjUe 4 I'niM^mcn dc 

Jenkins lUruJurdip^e CnKimliin UuivcriiUy. t'ci appdrcil tqmprcnil irnia 

plnqucfl de r^acliorip avee t\n filii ^ItcLriquci pour fnirc uii thne, Jiiiicn 
ilnnn Ic plitnclicr ilu compArlimcnl printipnlp La lAdhe diind^e am Hujeh 
n j^omprin Ir ildprcAiidh d’uhd Oil iilim ile ccr pUrpic^ dAim on utArt npiti- 
(ique pudr lAchcr U pnrie du compurllrnciii ccniralj rjiii cnnichaii dc h 
Jiourriuirc. On n Au^rncniH h coinplcxiij dc l» ikhc cn njmiltirii Jcit 
plntjiicSp one ii la (uii, chiiquc iiiijeL flam iranifirf d*unc iiapc A U pru* 
eh Dine immidiaiemeni nprh hirt arrive A In nnrmc rrqiiiiic dc mniirhc 
(nciif ^prciivcs pQrfnilcB Jiur dix), d avanc^ d'unc dope h Tnulrc juRqu'ii 
lie jinn qpprendre une cUpc dnniicc, A cello derliiorc dape on a diinifl^ 
le sujd do hxp^riclicc, cl la demise ildpc nppfiRc n ^l^ ciiiuidiSrie la 
limilc dc rapiiiudc dc roi nniiiinl. Le MXitt dc riii9(ici'ti!i puur lc!i prcmlircn 
^inpcn R i[i dc 20(10 iprcuvci. Tour lee cinpea Rulvaiiun nil n employ^ au 
1(^Q0 ipricuvca bciIvob au IQO ipreuven BUCCciBivo!i non On a ctn- 

ployi cumme Blimulnnii uit rniim see ci un mnrrcau dc poinmc dc io^tyio 
grandeur, On a mainicnu une rmiiinc ri|;ndc pour le pro^rnmnic i^uiilidicn 
cl Tun s'eat servi connUmmcnt d'uJi r6|j(imc elandinrdiBi. Un a fan alien- 
linn aurlDUl i npprivohot len Jiijcli el A lea ndupicr i La|ipardl. On a cx- 
clua lea Biimall Lroubhnia dc rcxptninciiiiiiiiur ei du milieu environnant 
A un liaut dcisri au moyen il‘un dcrnii Inimnani pnmer In lurnkrc d'une neuk 
dirociiun nuiour do I’appareiL du hnurdonncmciti eomuni d'un ^vciiihII 
ikcirique, et Jen poricii qui nc laiaiaicni \m panacr \h xcinni On a irnuvc 
dcB liinilcH pour (4 aingei. Le nnmlire d'^lapci apprinoH n vnri^ At 2 A 22, 
nvec un m6dinnc dc 5 ei une moyenne Ac 7,43. I.eii lingca jie Bunt mniUr^B 
ixh aiipAricura iiux mnmmifireB idu que le chaion, Ic rai lilunc ei le cothon 
d'Indc, icaka par d'auirefi sur dcsi prnhliiiKi nemldalilei dam Ic inNe 
ivpe d'nppnroiL Lcn dilTircnccA Ati rtnuliiiu de l’npprciili!niqEe onire Uji 
diverB Biijcls ct Icb clivcrHcn fliipci oni M ir^s mnripkci. Cos djITdrcnccii 
one aemlik duea priiicipfliemcnl nux din^rencea dam lea lendnnccB nut 
rjacliona apfciliqiica tlic 2 Icb lujclB individuch, bux dilTirencri dnin lea cEch 
dll iraiiBrcrt et A do vrnica difTircnctii tndividucllea daih raplilude A iip- 
prendre, Niillc relniiciii eonsiniilc nc a'eni mnnirdc ciilrc In vUcanc dc 
I'upprcntidBBRe An diveracH finpca ci In limiic dc rapprenikiQKc A bi|iiellc 
k Biijei indlvidiitil nl enfin nriiv^. 

Fjomi 
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Dili UHKSZES HKH LEHNFV’lHIGKEIT BEI RHESUS AfPEN 
(MACACUS RHESUS) 

(Hcfcrai) 

Bs wurdtii 17 juni^c Hhcsiisi Affcn nn cjncr Aufgabc ijcprilh, die am 
eintir AtifRabchftcric van Miifchwcine aunehiticniler Kompiizicriheit Lcsinnd. 
Efl ivujTflc t\k den Enifungrit dcr Jenkins AufHnbckiisicii [jenkina rrobUin 
sn \ric cr flU tier Cokirnlnn Univtrdiiy ManilardiBicrt wurde^ ven- 
iTrndci, Jijsats A^pnrai sihlirml rlrd RcnkiiohJiplaue/i in jaidi eiiij ^ie 
viir Hcmnlfuhfun^ iliict dtkiriKhcn Sclidckca mil Drnlu vcrachcn alnd 
Ivviretl f«r shrickj iittd puf dem llmlen dcs Tltminicilca dcB Appnralca 

ficKeh. rife tfcii VerNuthiiicrirn vorgdei^lc Auf|^n()c (jcaifind dnrinj dasa 
flic cinc fitkr mchrerc dicier IMaiicn in cincr gewiiHcri Anordnung lierobzU' 
drdtken haueil, urn die Tiire der temrnleu Abieihinr^, wclcbe Fuller enlhiellj 
Trci zu Icgcn. Dh Komplizicnhcii der Aufgnbc >vurdE dudurch erhShlj 
dnifl innn nlhnAhlich Plaiien, cine nach der enderenj hinzufugic, JcJes 
VV t Riidh srieir vviirde vmh diner JSiu/e der n^chiien prornoviertj 9 ci bald 
C!i die crfarilcrlkhc Tuchiigkcihnann crreichi haUc. Dieie Norm bestapd 
darln, dma von ID Vcriuchen 9 perfeki auafnllcn mugatenj und daa Tier 
jvurdc ffluftinvciie eivancicrl. hh ca dine Siu/c crrejchlc, dcren Demeiaterung 
ihm nichi Dann inmJc dflJ Tier vo» den Versnehen auigeachaltet. 

l>ic leizlc bewUhig-ie Sluie giali a)j die Grenze der Fahigkeit [ilmii of 
aidliiyj dci Ir\ Anipruch kninmenden Ticrca. Auf den friihcrcn Stiifen 
gnlien 2000 Vcriuche nU Kriierium des Fchlcna [criicrion of failure], nuf 
dcii ipjlurcn Suifeti enrvveder 10Q0 akeive Vcriuchc odcr 100 nufcinamlcr- 
fpigendc miflutliicku [nucceidvc fiiilurc Irlals]. Ala Ansporniingcn dienten 
cine Ko^ine ui>d nh Siiirk Apfei von der iclbci) Grtiaie. In Uemg auf das 
lilgllche FrdgrAinm vviirdc iircng an cinc Houiine imd an eitie Nor- 
moliIlKl gchalun. Man nrKlelc hcsDiidcri dnrnuf, die V'crauchaticre zu 
K^hmen iihcl aid dem Apparni Aimipanacn. Vemirrctide von 

dcB Vcraiichilciicrs odcr der UmKchung wurilcn in kohern Mnsae nuage- 
lolinliei durcii elneii tinitliliKcn [one-way] das Apparat um^benden 
Idchiachirm [liglU: acrcen], doit bcalilhdige fiiiiniTicn einea clcklrUchen 
FnrJ1e^^ und larmmillcnde [iinund'proQfJi in das Vcrauchszimmer hinein* 
fdlircndc Tiirc. wiirden die Orenzen der Lcrn/rijiigkeit nn 14 Affen 
bcfliliiiini, Hie Znlil der hcmclflicricii Suifcii vnriirte zwiachen 2 uml 22, 
Die Miucbnahl [median] iicirug ^ und tile Durchachmltazoiii 7.4^. Die 
A (Ten erwicaen licli ala nndcren SKugciicrcn, wie y-um lleiapiel fCUtzchen, 
vvelNicn RnUen, und MccrscUwcIncbcri, bcsiiinrnt iibcricgcn, {Dicae anderen 
SnuRctiere lind von anderen Versucbaleiirrn on aiinlicbcn Anfgabcn mit 
der Bcllicn Art vnn Apparal gcpriifi worden.) Ea :^ciglcn aich auagEpragtE 
Dnlersciiicdc zSvMcben den von vcrsducclcncn Vcraiichalit^ren und an 
vqrHclucdenen Suifen in den Prufungen erzieltcn ^^nliicn [learning scores]. 
Dicic Unlcricliicdc acblcncn grosscnlcna durch Unicraclucde in Bezug HiJf 
licsDiidcrc RcakhomneigniiKcn frcnclion lendenciea] der indivjduellen 
Versuniislicrc, Dnlcrschicdc iti Bezug aiif die Einwiricungen der uberlrn- 
Kung [iraiiHrer ciTccla] (Dbcrirngung dcs Gelcrntcn auf neiic Aufgjiben), 
und cchlc ifulividitcllc Uiitcrwcrhiedc in Bezug auf Lcrnfjihjgkeit besijmmt 
zii Nclri, Man fnnd keinc bciiHruligc Beziebung zwigclicn der Sclmelligkeiti 
mil ilcr die ciiirdncn Slufen crlenu wurden, einerHcita, und tier von dem 
iiulividuelicn Vcrsiiciiilicr acblicaalidii errcichlcn Grenze der Lernffini^- 
kcii juulcrHeiii. 


Field 
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DIK GHKNiJKN ni-H IXHNFA KJGKEIT BE! RHESUS AfFEN 
(MACACUS RHESUS) 

(Hcfcral) 

Bs wMirdtn 17 jwrii^c Khcsua Affcn db cjncr Au/gabc ijcnrilh, die Qua 
ciner AtifRabchucrid van Mufch^Ttiine ^unehincniler Kom^)li^icrlheil Lcsinnd. 
Efl ivurtlc t\k (kn Ffiifuny;rit dcr Jenkins AufMnhcknsicn [jenkina Frobkin 
Da*], sD \iric cr an tier CoUirnliin Univtrsily flinniLariliBicrt wurdG, ven- 
irrfpJirl. JljsstJfl Affh/ai drei ]lcitkiloi7iiplaiie;j in jaicli pin, ^ie 

7iir Hcmnlfuhrtin^ eiiics ekkirinrhen Scliockca mil Drnht vergehen alnd 
Iwlretl ftir slmckj uitd auf dem llmleri dcs Ttnupilcilca dcB Appnraica 
fieSeh. Ilk dcii VcrKuthiiikrcn vargtlcKlc Auf^nb^ Lciiifind dariHj d^isa 
iile cine ntkr mchrerc dicier IMaiicn in ciner (^GWiBHcn Anorclnung liemb'zu- 
drUtkeri haUeil, urn die Ture dtr temrnlcu Abiejhinif, wciche Fuller enlliiellj 
frcl zu Icgcn^ Uitj KornpUiicribnl ikr Aufgubc wurile didurch erhShlj 
dnni man ttllmilhiich Plaiien, cine uach der nuderenj liinzufOgtc. Jedes 
VkiButlisfkr ivfirde i-on diner Scu/c ta dcr n^chilen prpmovicrrj so bald 
CiT die crfcirdcrikhc Tuchiif^kciknonn crreichi hnlic. Dkae Norm bestand 
datln, dasi von ID Vcriuchen 9 perfekt auafnlkn mugatenj \ind das Tier 
jvurdc lUiftnwciie nvancierl, \m ca cine Siuk errcichle, deren Demeiaterung 
ihm nkhl gdlariK- Dnnii wurdc dm Tier von den Vennehen uuageichalteL 
Die leivle beiv£lliig(e Sink k^Ii a)j dk Grertze der Fahigkeu [JImJi of 
iihrliiyj Uci in Anapruch kninmeiujen Ticrca. Auf den fruheren Stiifen 
gnlien 2000 Veriuche nU Kriierium dcs Fchlcn!! [criicrion of fflllure], auf 
deii ipiliercn Siiifcn cnivveder 1000 akeive Ycrsuchc odcr 100 nufcinondcr- 
fplgende miaglikku [nucceHiivc fniUirc Irlals]. Ala Ansporniingcn dienten 
tine KodJio uiul cin Slurk Apfel von der lelbcD Grtisie. In Bemg auf das 
lagllche Prdgrnmm wurdc aircng an cine Houiine und an eiiie Nor- 
maldIKl gehallcil. Man nrhleie bciDiidcra dnrnuf^ die Vcrgucliaticre zu 
5s3hmeii uiitl ik dem Apparwi anziipamcn. Venvirrende Reize von Seite 
dcB Vrraiichilciicrs odcr der UmKchung warden \\\ liohcm Mnsae nuage- 
idinilcL durcli eincii tinitliliKen [onc->Yay] claa Apparat umBcbendcn 
Mcluarhirm [liglil: screen], daii licalilhdige Sumincn cinca clcklrLschen 
Fridiers, und Urmniillende [iinund-iiroof], in das Vcrauchazimmer hincin- 
ftlhrcndc 'rUrc. Ed wiirclen die Orcnaien der Lern/iijilgkcil on 14 Atfen 
beniimini. Die Znlil dcr hcnickicricii Suikii vnriirte zwkcbeu 2 uml 22, 
Die Millclzahl [median] bcinig 5 und die DurchachmllazDlil 7.42. Die 
Affen erwieacn licli ala nndcren SKugelieren, wie zum Beiapiel Kilt/chen, 
welNien RnUen, und Mccrachwclntbcn, bcaUinrnt ilbcrlcgcn. {Dicae nmlereji 
SniiRcriere lind von anderen Vpjsucbaleiirrn an alinlicbcn Aufgnbcn niit 
dcr Bclbcn Art vnn Apparol gcpriili worden.) Ea ;*ciglcn akh auagGpragte 
Ifnlcrscbicdc atSviseben den von vcratbicclcncn VcraiichaLit^rcn uml an 
vqrHchicdenen Suifen in den PrufunRcn erzieltcn Znhicn {learning scores], 
Dicac Unlcncbicdc aebicnen grosacnlcna durch UnlcracbicdB in Bezng tjuf 
licsondcrc Rcakhonsncignngen rrcnclion lendencieaj der indivjdueijen 
Vcrsunbslierc, UiUcriicbicde 111 Bezug auf die Einwirkungen der Ubertrn- 
KUiiK [iroiifircr cITccla] (UbcrirngunR dcs Gelcrntcn auf neiiG Aufgjiben), 
und cchlc ifunYrduellc Uii[crachie<lc in ]]e;!Ug auf Lcrnfjlhjgkeit besljmnit 
v.u Hclri, Man fnnd kelnc LicsiHruligc Bc7icluiTig zwigehen der Scbnelligkeit, 
mil ilcr die chirelncn Suifcn crlerni warden, einecRcita, und tier von detti 
inilividnellen Veranriiilicr subliciislicUi. errciclucn Greuze dcr Lernffihig- 
keli amlcrriciis. 
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